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PLICATION OF SMALL INTESTINE FOR OBSTRUCTION DUE TO 
ADHESIONS—NOBLE PROCEDURE 


ELDEN C. WECKESSER, M.D. 
JOHN F. LINDSAY Jr., M.D. 
AND 


FRANK A. CEBUL, M.D. 
CLEVELAND 


BSTRUCTION of the small intestine due to adhesions is difficult to cure 

permanently. This is especially true when the patient has had previous lapa- 
rotomies for the same condition. Gentle handling of tissue, avoiding infection, 
irritating glove powder, and other foreign bodies, will not prevent the re-formation 
of adhesions from raw surface areas residual at the time of surgery. For this reason, 
relief of obstruction by lysis of adhesions is frequently temporary. 

The many attempts to prevent peritoneal adhesions have been well outlined by 
Boys? and more recently by Schiff, Goldberg, and Necheles.* The experimental 
attempts to control the formation of adhesions by preventing the deposition of 
fibrin by anticoagulants, and more recently the use of cortisone, as reported by 
Scheinberg and Saltzstein,® are of much interest. However, the experience of Hubay, 
Weckesser, and Holden,‘ using cortisone in dogs, casts doubt on its practical value 
at present. Though the prevention of peritoneal adhesions, except by technical 
factors, is yet to be accomplished, their control was reported successful by Noble ° as 
early as 1937. This author has used his procedure successfully since 1920.° The 
method consists briefly of suturing the bowel back and forth upon itself in an orderly 
fashion along the mesenteric margin (Fig. 1). The bowel then becomes adherent in 
this orderly plicated pattern rather than at random. 

ae 

Read at the Ninth Annual Meeting of the Central Surgical Association, Toronto, Canada, 
March 7, 1952. 

From the Department of Surgery, Western Reserve University School of Medicine, and 
University Hospitals. 

1. Boys, F.: Prophylaxis of Peritoneal Adhesions, Surgery 11:118-168, 1942 

2. (a) Schiff, C. A.; Goldberg, S. L., and Necheles, H The Prevention of Abdominal 
Adhesions, Surgery 25:257-267, 1949; (b) Re-Formation of Adhesions Following Surgical Lysis, 
ibid. 28:977-982, 1950. 

3. Scheinberg, S. R., and Saltzstein, H. C.: Effect of Cortisone and Corticotrophin (ACTH) 
on Intra-Abdominal Adhesions, A. M. A. Arch. Surg. 63:413-420, 1951 

4. Hubay, C. A.; Weckesser, E. C., and Holden, W. D.: The Effect of Cortisone on the 
Prevention of Peritoneal Adhesions, Surg., Gynec. & Obst., to be published 

5. Noble, T. B., Jr.: Plication of Small Intestine as Prophylaxis Against Adhesions, Am. 
J. Surg. 35:41-44, 1937 

6. (a) Noble, T. B., Jr.: Plication of the Small Intestine, Am. J. Surg. 45:574-580, 1939; 
(b) Perforating Wounds of the Intestine: Satisfactory Method of Treatment for Wounds More 
Than 24 Hours Old, ibid. 62:50-58, 1943; (c) Acute Peritonitis, J. Internat. Coll. Surgeons 
14:66-81, 1950. 
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Table 1 summarizes the clinical reports of plication of the small intestine tound 
in the literature.’ It is seen that the experience of Noble has been far greater than 
that of any other author and that his results have been outstandingly good. He has 
had to reoperate on only one patient with partial plication, and in this case results 
were reported as satisfactory after more complete plication 

Poilleux and Germain * reported two unsatisfactory results in 1951. The first 
case was rather complicated. It was that of a 37-year-old woman in whom small 
intestinal obstruction developed after a “Babcock operation.” She was reoperated 
on 16 days later, at which time a total plication of the small bowel was carried out. 


‘ 


One month later the patient had fever, diarrhea, and vomiting. An “ovarian mass” 
in the left lower quadrant was explored surgically on April 27, 1950, but not 
removed; thereafter an intestinal fistula developed. The patient became malnour 


ished and died May 16, 1950, after closure of this intestinal fistula. 








™ A P a 
“ JS 


Fig. 1.—Bowel should be sutured along mesenteric margin starting and ending 3 cm. from 
turns. Folding bowel back and forth upon itself in this manner is centinued until all deserosed 
bowel is covered. (Reproduced from the American Journal of Surgery by permission of Dr 


Thomas B. Noble, Jr.) 


The second bad result occurred in the case of a 25-year-old woman with nine 
previous laparotomies. Total plication was carried out on July 5, 1950. Symptoms 
f abdominal pain persisted, and reoperation was carried out Aug. 18, 1950, but no 
definite area of obstruction was noted. In the course of her convalescence the 
patient was operated on again by another surgeon in another hospital; this sur 
geon recorded adhesions of the small bowel but no dilated loops of bowel to any 
degree. The patient left the hospital on this occasion in “relatively satisfactory” 
a 
(a) Noble, footnotes 5 and 6a and c. (b) Lord, J. W., Jr.; Howes, E. L., and Joliffe, 
N The Surgical Management of Chronic Recurrent Intestinal Obstruction Due to Adhesions, 
Ann. Surg. 129:315-322, 1949. (c) Quénu, J., and Thomeret, G.: L’opération de Noble, Mém 
Acad. chir, 77:80-86, 1951. (d) Poilleux, F., and Germain: Opération de Noble, ibid. 77:137 
i39, 1951. (¢) Thalheimer, M., and Malvy, P Au sujet de l’opération de Noble dans les 
occlusions intestinales post-opératoires tardives, ibid. 77:163-164, 1951. (f) Smith, R. S.: Pli 
cation Operation in Treatment of Small Bowel Obstruction, Northwest Med. 50:765-769, 1951 
(9g) Lord, J. W., Jr.: Critical Evaluation of the Noble Plication Procedure in the Management of 
Chronic Recurrent Intestinal Obstruction Due to Adhesions, Gastroenterology 19:801-811, 1951. 
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condition. Though this follow-up is not complete, it is definite that the patient con- 
tinued to have abdominal discomfort following plication to such a degree that two 
subsequent laparotomies were carried out. The result is listed as poor on this basis. 

Three cases of complete plication of the small intestine reported by Smith “ are 
included in the later report of Lord.** Lord reports experience with 11 cases of 
complete plication of the small bowel, followed from two months to four years eight 
months, Six of the patients, two of whom were narcotic addicts, have been in excel- 
lent condition postoperatively. Two other patients were thought to show good 
results. One, still taking meperidine (demerol*) hydrochloride, had had several 
attacks of simulated intestinal obstruction but never showed objective evidence of 
obstruction, The other patient had abdominal cramps for one month postoperatively, 
which cleared spontaneously. The results in the other three cases were fair to poor. 
One patient, a 54-year-old woman, died of intestinal obstruction and peritonitis four 
months after plication. The obstruction resulted from a band of omentum across the 


TABLE 1.—Summary of Reported Clinical Cases of Plication of Small Intestine 


Partial Complete 
Follow-Up No. of No. of 
Year Interval Cases Result Cases Result 
Noble 7" 1937-50 To 30 yr. 1,000-+ 1 Reoper 300+ All good 
ation 
Lord, Howes, and Jolliffe *® 149" - 
Quénu and Thomeret * 1951 1-10 mo All good Good 
Poilleux and Germain 7¢,. 1951 2mo 4 Poor 2 
Thalheimer and Malvy 7* 1951 2 mo Giood 
Smith 7° 1951 0-344 mo ? Giood 
Lord 7% 1951 56 mo Giood 8: 
fair 1; 
poor? 
Present Series > 7 Good 5: 3 Good 1; 
fair 2 poor? 


* These cases are included in the report by Lord.** 


jejunum. The peritonitis resulted from a hole in the jejunum, caused by the avulsion 


of a cotton suture. This experience led Smith “ in subsequent plications to use con- 


tinuous chromic absorbable surgical (gut) sutures instead of nonabsorbable suture 
material. 

The second poor result, reported by Lord, is that of a 30-year-old nurse addicted 
to morphine, who had had nine previous laparotomies before complete plication of 
the small intestine. [Eighteen months later obstructive symptoms developed. At 
reoperation, obstruction was iound in the upper jejunum, which was free of plica- 
tion. She has continued to have abdominal complaints in spite of replication. 

The fair result reported by Lord was in the case of a 57-year-old white woman 
in whom plication was done with 000 absorbable surgical sutures after three pre- 
vious laparotomies because of lysis of adhesions which had been unsuccessful. She 
had to be reoperated on two months later tor obstruction. The plication was found 
broken down, with obstruction of the jejunum. Complete plication was carried out 
with silk, after which she has had right-sided abdominal pain for one to two hours 
after meals. In this case 000 absorbable surgical sutures did not hold the bowel 
loops together, and obstruction recurred. The cause of the pain 1 to 2 hours after 


meals 1s not known 
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Our experience with the plication procedure of Noble has been confined to animal 
experimentation and to 10 clinical cases in which plication has been done at the 
University Hospitals during the past two years. 


ANIMAL EXPERIMENTS 


We were interested in the effect of the procedure on animals and whether or 
not a change in the transit time through the intestine would result. Since the Noble 
procedure involves suturing of the bowel into 180-degree turns at each end of the 
plication, we were particularly interested to see whether or not this would cause 


obstruction. Donaldson and Cameron *® had noted no evidence of disturbance of 


function in the dog. Ripstein, McDougall, and Thompson ® later reported no inter- 


ference of function or motility in the cat following plication of the small intestine. 
Method.—Seven mongrel dogs, weighing & to 16 kg., were used. Two level tea- 


spoonfuls of sterile tale were spread over the peritoneal surface of the intestines at 


Fig. 2.—A, loops of small bowel plicated and ready to be returned to the abdomen en masse. 
B, appearance of loops at autopsy four months later. All five animals showed this well-preserved 
plicated arrangement of bowel without evidence of obstruction 


laparotomy. Schiff, Goldberg, and Necheles** have reported the production 
of moderate peritoneal adhesions in dogs with use of 0.25 gm. of tale. Two of our 
animals died, one and two days after introduction of talc. This, we think, was possi- 
bly a toxic effect of our large dosage. 

The postoperative course of the other five animals was uncomplicated. They were 
observed for periods of one to six weeks, during which time gastrointestinal studies 
were carried out. The time required for the head of the barium column to pass from 
stomach to cecum was determined. Secondary laparotomy was then carried out at 
the end of the observation periods mentioned above. Very extensive adhesions were 
noted in all animals. The adhesions were densest in those animals in which the tale 
had remained in place three weeks or longer. 

a 

8. Donaldson, J. K., and Cameron, R. R.: A Study of the Use of Silk, Catgut, and Noble 
Plication with Reference to Abdominal Adhesions, Surgery §:511-521, 1939. 

9. Ripstein, C. B.; McDougall, H. A., and Thompson, A. G.: The Plication Operation in 
the Treatment of Peritoneal Adhesions, Canad. M. A. J. 63:43-46, 1950. 
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After all adhesions had been freed by sharp dissection, the entire small bowel 
was plicated as shown in Figure 24. The adjacent loops were sutured together with 
fine cotton sutures placed at the mesenteric margin of the bowel, and the defects 
in the mesentery were completely closed. An average of seven loops was necessary 
to plicate the small intestine completely. 

During the ensuing weeks the animals were observed on their regular kennel 
diet. Gastrointestinal studies were repeated and transit times again determined. 
Autopsy was then performed on the animals four months to six and one-half 


months following the plication procedure. 


Fig. 3.—Roentgenographic appearance of plicated loops in dog four weeks postoperatively. 


Results.—The five animals on which plication was done all survived the opera- 
tion without incident and all gained weight afterward. In all five the bowel was 
found to be in the same pattern at autopsy (Fig. 2). There was no instance of 
intestinal obstruction at any of the 180-degree turns. The average transit time before 
plication was 88 minutes, and the average transit time after plication was 138 
minutes. Before plication the transit time ranged from 45 to 150 minutes, and after 
plication, from 90 to 180 minutes. 

Figure 3 shows the roentgenographic appearance of the small bowel after 
plication. 


It appears from this that the plication operation is well tolerated by the dog. 


There is no great danger of obstruction at the 180-degree turns, but the transit time 
of barium through the plicated small bowel is somewhat slowed. 
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CLINICAL CASES 


Table 2 is a summary of 10 cases of plication of the small intestine performed 
at University Hospitals in the past two years. It is seen that the entire small 
intestine was plicated in three patients and that partial plications were done in the 
other seven. Six were staff, and four were private, patients. Sutures used 
were interrupted cotton, in five cases; interrupted silk, in one case; interrupted 
chromic absorbable surgical sutures, in one case, and continuous chromic absorbable 
surgical sutures, in three cases. Our present preference is for continuous 00 


TABLE 2.—Summary of Cases 


Previous Cause of Amount 
Laparotomies Adhesions Pliecated 
Lysis Appendicitis 2/21/% Distal % 
Lysis (inoperable) 
Panhysterectomy Salpingitis 3/5 lleum, 
Lysis 3 loops 
Hysterectomy Salpingitis 9/15,5 eum, 
3 loops 


149 Inearcerated Incarcerated : Entire 
hernia hernia 

19) Lysis 

146 Umbilical Surgery Entire 
hernia 

190 Abdominal 
exploration 

190 Panhysterectomy 

1951 Lysis 

1929 Appendicitis Appendicitis 

1938 Lysis 

1938 Lysis 

1442 Hysterectomy 

1982 Appendicitis Appendicitis 

1M2 Lysis 

1984 Panhysterectomy Surgery 

19286 Gastroenterostomy 

1946 Resection of 
sigmoid 

149 Lysis, reseetion 


1951 Oophorectomy Surgery 


1937 Appendicitis Appendicitis 
1942 Lysis, resection (ruptured) 
145 

146 | Lysis 

1948 

1951 } 


he patient died Dec. 9, 1951, of adrenal insufficiency, 
The patient was a drug addict 


chromic absorbable surgical sutures. All the patients were operated upon for 
intestinal obstruction. Eight had had previous lysis of adhesions on one or more 
occasions, without lasting benefit. The group consisted of seven women and three 
men, Seven patients were Negro and three were white. The ages ranged from 
29 to 67 years. The cause of the adhesions producing the obstruction was appendi- 
citis in four patients, previous surgery in three, salpingitis in two patients, and an 
incarcerated hernia in one. All except one patient had Miller-Abbott intubation 
prior to surgery, and all had use of the tube continued postoperatively to overcome 
ileus, which was quite marked in certain cases. In general, it can be stated that the 
longer the Miller-Abbott tube was required postoperatively, the poorer the result. 
lhe exception to this was one patient (Case 3) who required a Miller-Abbott tube 
for 21 days intermittently and then did quite well during the balance of the follow-up 
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period. Two patients have complained of much pain in the abdomen during the 
follow-up period, and their results are classified as poor. The cases of these two, 
and those of two with mild intermittent pain classified as a fair result, will be 
discussed in more detail. 

Only one patient (Case 5) complained of constipation to any degree, and this 
was a preoperative complaint. This patient also has had diarrhea at times. One 
patient (Case 10) has had some constipation since operation but is troubled mainly 
with diarrhea. 


of Plication of Small Intestine 


Miller-Abbott 
Tube Days Abdom Bowels Obstruction 
inal Follow 
Suture Post-Op Liq Soft Pain ‘on Diarr Sub Obj Nutrition Up, Mo 
Interrupted 3 12 12 0 0 6 0 
cotton 
Interrupted 10 5 2 
ailk 


Food Days 


Pre-Op Result 


Good Excellent * 


Good Fair 


Interrupted 0 21 
cotton inter 
mittent 
Oortinuous 15 5 
ehromic 


Good Good 


Good Excellent 


Interrupted 16 24 
cotton inter inter 
mittent mittent 


Good Poor 


Continuous 
ebromic 


Good Exeellent 


Oontinuous 
ebromic 
Interrupted 

cotton 


Good 7 Fair 


Good Excellent 


Interrupted 
cotton 

Interrupted 
ebromic 


4 


28 
inter 


Good 


Excellent 


Poor ¢ 


mittent 


Though three patients have had some subjective signs of intestinal obstruction 
during their follow-up period, none have had definite objective signs visible by 
x-ray, and none have been reoperated on. The nutrition of all patients except one 
(Case 10) is known to be good. The nutrition of this man, an inveterate narcotic 
addict with a poor result following plication, is not known. 

PATIENTS 


WITH POOR RESULTS 


The results of complete plication of the small intestine, in two patients (Cases 5 
and 10) are classified as poor on the basis of continued subjective complaints. The 
case summaries follow: 


Case 5.—A 44-year-old Negro woman was admitted to University Hospitals March 26, 1950, 
for the fifth time. She complained of constipation, crampy abdominal pain, and swelling of the 
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abdomen of three days’ duration. Previous operations had been umbilical herniorrhaphy in 
1946 at another hospital, abdominal exploration in February, 1950, panhysterectomy in July, 
1950, and lysis of abdominal adhesions in February, 1951. After dissection of extensive adhesions, 
plication of the entire small bowel was carried out April 11, 1951. The intestine was short and 
was plicated in 10 folds, interrupted cotton sutures being used. Since operation, the patient 
has complained of constipation and intermittent abdominal pain. X-rays of the abdomen have 
failed to show evidence of obstructed small bowel loops. The patient has a very low I. Q. 
and is difficult to interrogate. She complains of periodic constipation or diarrhea and much 
abdominal pain which is increased by eating, though she appears very well nourished. On Nov. 
11, 1951, serial x-rays of the small intestine showed no dilated loops of bowel and the barium 
was in the transverse colon in four and one-half hours. The result of this plication is classified 
as poor on the basis of the subjective complaints of the patient. 

Case 10.—A 30-year-old Negro college student was admitted to University Hospitals for the 
first time on Sept. 21, 1951, complaining of severe abdominal pain of several hours’ duration, 
vomiting, and constipation. The past history included operations for a ruptured appendix in 
1937, intestinal obstruction and bowel resection in 1942, and three subsequent operations, all 
for lysis of adhesions, in 1945, 1948, and 1951]. 

The patient showed little abdominal distention. A Miller-Abbott tube was passed, with no 
improvement in abdominal pain. It was not appreciated at this time that the patient had an 
unusual craving for narcotics. Laparotomy was carried out Sept. 23, at which time extensive 
adhesions of the entire small bowel were found, with no definite point of obstruction being 
encountered. The entire small bowel was freed and plicated from the ligament of Treitz to 
the ileocecal valve 

Postoperatively it became evident that the patient was a narcotic addict, because he requested 
narcotics continually. The Miller-Abbott tube was removed on the sixth postoperative day, 
and use of a liquid diet started. Vomiting ensued, and the Miller-Abbott tube was replaced and 
used intermittently until the 28th postoperative day. The patient continued to have intermittent 
vomiting, and on the 35th postoperative day left the hospital against the advice of his physician. 

Since discharge, the patient has been traced through three other hospitals in the city. At each 
hospital he has presented himself with pain in the abdomen, vomiting, and, on two occasions, 
diarrhea. He has requested narcotics for abdominal pain at each institution. When narcotics 
have been withheld, owing to lack of evidence of intestinal obstruction, he has left the hospital. 


This is a very unsatisfactory case. Owing to the unhappy subjective complaints 


of the patient, the results of his case are classified as poor. In retrospect, the patient 


probably should not have had the operation or, at least, psychiatric help should have 
been obtained preoperatively in an attempt to free the patient of his drug habit. 

The diarrhea is of interest, and occurred to a less degree in two other patients 
(Cases 5 and 8). One of these (Case 8) also had transient diarrhea during her 


early postoperative course. 


PATIENTS WITH FAIR RESULTS 


The results of partial plication of the small intestine in two patients (Cases 2 


and 7) are classified as fair. 

Case 2, as seen in Table 2, was that of a 29-year-old Negro woman admitted with small 
bowel obstruction seven months after panhysterectomy and four months after an operation for 
lysis of adhesions. The terminal ileum was found bound by adhesions which, when dissected free, 
resulted in much raw surface area. This was covered by a three-loop plication of the terminal 
ileum. The patient progressed well after operation and was discharged on her 13th postoperative 
day, eating a soft diet. Eighteen months after operation she was very well nourished, and her 
bowels were moving daily with use of liquid petrolatum. She was experiencing some pain in 
her abdomen after meals, and for this reason the results of her case are classified as fair. 

Case 7, as also seen in Table 2, was that of a 38-year-old Negro woman admitted with small 
bowel obstruction 19 years after appendectomy and 9 years after operation for lysis of abdominal 
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adhesions. At operation, firm adhesions found about the terminal ileum, were freed. The 
resulting raw surface areas were covered by a four-loop plication. The patient progressed 
rapidly after operation and was discharged on the 10th postoperative day, eating a soft diet. 

An episode of abdominal pain and vomiting developed two and one-half months after 
operation, and the patient was readmitted to the hospital Sept. 21, 1951, where she remained 
for 13 days. No dilated loops of small bowel were seen, but fluid levels were present. The 
patient was relieved by passage of a Miller-Abbott tube. 

Since this admission to the hospital, the patient has done well. She has had normal bowel 
movements, her weight lias been normal, and she has had no further vomiting or pain in her 
abdomen after eating. The result in her case is classified as fair because she had to be readmitted 
to the hospital with obstructive symptoms two and one-half months after plication. 


COM MENT 


The animal experiments are interesting in that no instance of intestinal obstruc- 
tion at the 180-degree turns occurred during the experimental period. That some 
delay occurred, however, is indicated by the prolongation of the transit time of 
barium from stomach to cecum from an average of 88 minutes before plication to 
138 minutes after plication. It is also interesting that the bowel in all instances 
remained in the same pattern in which it had been sewed, and that no animals lost 
weight after plication. 

In regard to our clinical cases, results in six were good or excellent, in two were 
fair, and in two were poor. In Case 10, unfortunately, the patient was not recog- 
nized preoperatively as a drug addict. We feel this is a paramount factor in explain- 
ing his poor response to the operation. The possibility of drug addiction should 
always be considered in patients with abdominal pain who have many abdominal 
scars. Proper psychiatric help for this patient might have been of benefit. In Case 5 
the patient complains of subjective abdominal pain after meals yet is in a very good 
nutritional state. From a psychiatric viewpoint, this patient is mentally deficient 
and hysterical. We feel that the very low 1. Q. of the patient and psychic factors 
are important here. Neither of these two patients has had objective signs of intes- 
tinal obstruction followirg plication. 

The two results classified as fair are so classified because of continued abdominal 
pain after meals in one patient and a bout of abdominal pain and vomiting in the 
other, which occurred two and one-half months after operation. 

In regard to the type of suture material required, it seems to us that medium- 
sized chromic absorbable surgical sutures offer the greatest advantage. This material, 
being slowly absorbed, should allow adequate adhesion formation along the mesen- 
teric margin of the bowel and yet not offer the possible difficulty encountered by 
Smith ** with nonabsorbable sutures. 

It appears from our experience, as well as that of others reported in the litera- 
ture, that the Noble plication procedure is a logical method of controlling the 
formation of intra-abdominal adhesions. Furthermore, until a method of preventing 


the formation of adhesions is discovered, this is the only therapeutic procedure 


available. 

We feel that any raw surface area of small intestine developed during the 
course of an abdominal operation, which cannot be reperitonealized, should be 
covered by the Noble plication procedure. It is our opinion that only the involved 
area of bowel should be plicated. We agree with Smith * that plication of normal 
small bowel beyond the area of raw surface is unnecessary and probably meddle- 
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some once the raw surface area has been covered. Thalheimer and Malvy ** have 
expressed the opinion that the Noble plication operation should be undertaken only 
for persons who have obstructive symptoms due to adhesions. They state, and we 


agree, that the procedure is not indicated for vague pain in the abdomen. We agree 
with Lord that the technical aspects of the operation should be painstakingly 
carried out 

Points in technique, which, from our experience and that of others, we feel 
should be emphasized, are the following: 


1. Completely free all adherent loops of bowel 

2. Suture adjacent loops along mesenteric borders. 

3. Begin and end sutures 3 cm. from each end to keep turns gentle (Fig. 1) 

4. Make loops of proper length to fit freely across the peritoneal cavity (average, 6 to & in 
{15 to 20 cm.]) 

5. Suture bowel securely, using moderately heavy chromic absorbable (gut) sutures 


6. Close folds of mesentery to prevent free loops of bowel from entering, if entire small 
bowel is not plicated. 


7. Make adequate plication to cover all raw surface areas 


8. Stimulate the bowel after operation 


The second and third items are probably very important in keeping the bowel 
loops as free as possible and the 180-degree turns at the ends of the folds as gentle 
as possible. We feel that these points of technique should be carefully observed. 

The folds should be judged long enough to lie freely across the interior of the 
peritoneal cavity without being crowded at the ends. On the other hand, the folds 
should not be so short that unnecessary plications are employed. 

Noble has carried out vigorous postoperative bowel stimulation with pituitrin 
every hour until a liquid stool occurs. We have not used this to date, but in view 
of the experience of Noble and the experimental evidence of Schiff, Goldberg, and 
Necheles,? we feel that it may be of importance. We intend to use bowel stimulation 
postoperatively in a series of cases in which the bowel has not been sutured. 

We believe that the bowel should be plicated, preferably after intestinal 
obstruction has been overcome, by Miller-Abbott intubation. If surgery is under- 
taken in acute cases, a Miller-Abbott tube should be in place to decompress the 
dilated loops at operation. Otherwise difficulty in returning the plicated bowel to 
the peritoneal cavity may be encountered. 


SUMMARY 


The literature on the Noble plication operation has been reviewed and the results 
of the operation on five dogs and ten patients are reported. 

The animals all tolerated the procedure very well and did not lose weight post- 
operatively, There was no evidence of intestinal obstruction during a four to six 
and one-half month follow-up period. The transit time of barium sulfate from 
stomach to cecum was slowed from an average of 88 minutes before plication to 
138 minutes after plication. The small intestine in all animals was found plicated at 
autopsy, as it had been sutured at the time of surgery. 

Three of the 10 clinical patients underwent complete plication of the small 
intestine. The results in six patients were classified as excellent or good, in two fair, 
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and in two poor during our follow-up period. One patient, in whom the result of 
treatment was classified as poor, was an unrecognized drug addict, which con- 
tributed greatly to this patient’s unhappy postoperative condition. The other patient 
whose treatment vielded poor results was a mentally deficient, hysterical Negro 
woman, who has continued to complain of postprandial distress in her abdomen. 


CONCLUSIONS 


1. Further experience with the Noble plication operation is required for final 
evaluation. 


2. Our experience to date indicates that the Noble plication is a useful proce- 


dure, but that cases should be well chosen, and that certain technical aspects should 
be carefully followed. 


Drs. William E. Abbott and Frank M. Barry gave permission to include their cases in this 
series 


DISCUSSION 
Dr. Vinton E. SILer, Cincinnati: Dr. Weckesser and his colleagues have reemphasized a 
difficult surgical problem, the final answer to which remains more or less in abeyance at present 


In every large medical center, patients with recurrent episodes of acute, subacute, or chronic 


mechanical small bowel obstruction, pose as a distinct group familiar to most surgeons. Almost 
all these patients have had multiple abdominal operations for one condition or another. Usually, 


they have been surveyed and observed in several of the hospital clinics, or as private patients 
by many physicians. Their hospital records are voluminous, owing to the mass of material 
accumulated in the outpatient clinics and hospital readmission offices. Not infrequently, the 
resident and attending staff fail to evaluate properly the seriousness of small bowel obstruction, 
since repeated studies and reoperations have yielded, in general, poor results. It is also true 
that other acute intra-abdominal conditions are sometimes overlooked, since on previous 
admissions the patient in question has received a diagnosis of low-grade incomplete bowel 
obstruction. The protracted illness of the patient, associated with prolonged medication to 
control abdominal pain, predisposes to opiate addiction 

No clinician can minimize the importance of study of the gastrointestinal tract by means of 
the Miller-Abbott (or comparable) tube, using barium and air as contrast media. Preoperatively, 
the surgeon should have some conception of the small bowel involvement 

In our own clinic we have not done the Noble operation for multiple adhesions of the small 
bowel. We have used a modification of this technique to cover large raw areas devoid of 
peritoneum. In two cases in which partial plication of the small bowel was done to cover large 
peritoneal defects of the right gutter following right colectomy, the results have been excellent 
Nine and seven years, respectively, have elapsed since operation soth patients have been free 
from pain and obstructive symptoms. 

During the past 10 years, more than 15 patients with diffused adhesions of the small bowel 
have been treated with intraperitoneal administrations of heparin. After release of the adhesions, 
which were thought to be the cause of the obstruction, 100 to 200 mg. of heparin solution were 
injected into the peritoneal cavity at the final phase of closure of the peritoneum. For various 
reasons, postoperative data have been incomplete, and we would not attempts to darw any con- 
clusions concerning this form of therapy. However, in two cases, we were impressed by the 
postoperative results shown after four and six years, respectively 

In those patients in whom only a segment of the bowel is involved by adhesions, the release 
of which denudes the peritoneal surface, resection with anastomosis has proved a logical approach 
to the problem. The limit of small bowel resection which is compatible with health and life, 
remains an unanswered question. 

The experimental and clinical observations made by Dr. Weckesser and his co-workers 
indicate fairly good results in complete plication of the small bowel for multiple adhesions. 
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In the small series of animals and patients treated by plication of the bowel, a trend may be 


established. However, I agree with Dr. Weckesser that further experience with the Noble 
technique must be acquired before final conclusions can be drawn 

Needless to say, the prevention of adhesions approaches the Utopia of treatment. Perhaps 
future studies will afford positive information regarding the histogenesis of adhesions. There 
is a good possibility that the ultimate answer to this challenging and difficult problem will 
develop from histochemical research 

Dr. Henry Swan, Denver: Shortly after the report by Dr. Lord appeared in 1949, 
reintroducing the idea of Dr. Noble’s operation, two of my colleagues, Dr. Foster and Dr. Childs, 
became interested in this procedure, and, since that time, they have performed seven of the Noble 
type procedures 

In four of these cases previous operations for lysis of adhesions had been performed three 
or more times. They encountered one postoperative complication. The obstruction remained; 
reoperation was done and a hematoma was found. This was evacuated. Subsequently, this 
patient has done well 

They had one interesting experience—a reoperation on one of the patients, about eight 
months after operation, for acute cholecystitis. At the time they had an opportunity to observe 
the small bowel, which was relatively free of adhesions, lying in the position in which it had 
been sutured. This patient also subsequently has done rather well 

\lthough the longest postoperative period in this group is three years, which, of course, is 
entirely too short a time for evaluation of a procedure that one hopes will be of lifelong effect, 
still this intial experience is encouraging. We would agree with Dr. Weckesser and his 
co-workers that it certainly deserves further trial 








SPLENIC STUDIES 


Il. Portal Hypertension in Children Associated with Gastroesophageal Hemorrhage 


HARRIS B. SHUMACKER Jr., M.D. 
AND 
HAROLD KING, M.D. 
INDIANAPOLIS 


ORTAL hypertension associated with gastroesophageal hemorrhage constitutes 

a perplexing problem and a particularly difficult one from the point of view 
of clinical management. It has been the subject of intensive study in recent years, 
especially from the standpoint of its role in treatment of venous shunts made 
between the portal and vena caval systems.’ Because certain aspects of the dis- 
order may differ in children and in adults and because of the paucity of recorded 
data relating specifically to the management of portal hypertension in children, we 
have been led to report our own observations. 

This study is concerned with an analysis of the fate of portal hypertension 
associated with gastroesophageal hemorrhage in 21 patients whose symptoms began 
before the age of 15. In all but one definitive treatment was started at 14 or an 
earlier age. During the period covered, one additional child was admitted to the 
hospital with portal hypertension resulting from cirrhosis of the liver and not 
associated with gastroesophageal hemorrhage or hypersplenism. This 5-year-old 
child has recently recovered from a splenectomy and a splenorenal anastomosis 
and is not included in this study. 


All 21 children had massive gastroesophageal bleeding, splenomegaly, and 


hypersplenism. In 20 of them there was no indication of significant hepatic involve- 


ment to be observed from liver function studies, gross inspection, or biopsy of the 
liver. In 17 of these 20 patients, the liver either was not palpable or did not extend 
ae 

Read at the Ninth Annual Meeting of the Central Surgical Association, Toronto, Canada, 
March 7, 1952. 

From the Department of Surgery, James Whitcomb Riley Hospital, Indiana University 
Medical Center ; aided in part by a grant from the James Whitcomb Riley Memorial Association 

1. (a) Blakemore, A. H.: Portacaval Anastomosis: A Report on 14 Cases, Bull. New 
York Acad. Med. 22:254, 1946; (b) Portacaval Anastomosis for the Relief of Portal Hyper- 
tension, Gastroenterology 11:488, 1948; (c) Portacaval Anastomosis—Observations on Technic 
and Postoperative Care, S. Clin. North America 28:279, 1948. (d) Blalock, A.: The Use of 
Shunt or By-Pass Operations in the Treatment of Certain Circulatory Disorders Including 
Portal Hypertension and Pulmonic Stenosis, Ann. Surg. 125:129, 1947. (e) Julian, O. C 
and Dye, W. S.: Venous Shunts in Portal Hypertension, A. M. A. Arch. Surg. 63:373, 1951. 
(f) Linton, R. R.; Jones, C. M., and Volwiler, W.: Portal Hypertension: The Treatment 
by Splenectomy and Splenorenal Anastomosis with Preservation of the Kidney, S. Clin. North 
America 27:1162, 1947. (g) Linton, R. R.: The Surgical Treatment of Bleeding Esophageal 
Varices by Portal Systemic Venous Shunts with a Report of 34 Cases, Ann. Int. Med. 31:794, 
1949, 


499 





500 A. M. A. ARCHIVES OF SURGERY 


below the costal margin. In three, the liver edge was palpated 1 or 2 fingerbreadths 
below the costal margin at some time during the period of observation, though 
at other times it was not palpable. The exceptional patient had moderate cirrhosis 
of the liver as well as fairly marked stenosis of the portal vein; she died at 11 
months of age from hemorrhage. The initial symptom in all patients was gastro- 
esophageal bleeding. The age of the patients at the onset of symptoms ranged 
from 11 months to 14 years. The mean age at which bleeding first occurred was 
7.8 years (Table 1). Except for those few patients first seen after having under- 
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gone splenectomy elsewhere, all patients at some time during the period of observa- 
tion had anemia, leucopenia, and thrombocytopenia. There were 12 boys and 11 
girls. 

Treatment varied widely. Five patients underwent no operative treatment and 
had only transfusions and other supportive measures. Ten were treated initially 
by splenectomy ; five of these were subsequently reoperated upon. Five esophago- 
gastrectomies were performed. In two patients, the lower half of the esophagus 
and the upper half or two-thirds of the stomach were devascularized, and a vagotomy 
and gastrojejunostomy were carried out. Eight anastomoses were made between 
the portal and vena caval systems. There were six splenorenal anastomoses, one 
portacaval shunt, and one anastomosis between a mesenteric vein and the right 
renal vein. Altogether, 25 operative procedures were carried out upon 16 patients. 
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NO OPERATIVE PROCEDURE 


In the five patients who were not treated by operation the first gastroesophageal 
hemorrhage occurred at 11 months, and at 3.2, 9, 12, and 14 years (Table 2). 
Four of the five died of massive gastroesophageal bleeding in from a few days 
to a few months after bleeding first began. The fifth patient (Case 3) was first 
admitted at the age of 21 with a history of having been chronically ill and having 
had periodic hematemeses for the past seven years. She was discharged after 
receiving transfusions and returned two weeks later because of another episode 
of bleeding. She refused operative treatment. A letter from her six months later 
stated that she had had another episode of hematemesis. It has been impossible 
to locate her during the past 13 years, and it is not known whether she is still 
alive. 

No postmortem examination was obtained in one case (Case 1). One patient 
(Case 2) was found to have cavernomatous replacement of most of the portal vein, 
with thrombosis and recanalization of the remainder of the portal vein and of the 
splenic vein. Another (Case 4) had moderate portal cirrhosis and stenosis of the 


Tams 2—Data Concerning Patients Not Treated Surgically 


Date of 
H Age at Age at Onset Survival After 
Admission Admission, Yr. of Symptoms Admission 


12 b> 3 mo. 
9 ® 4mo 
bs | uM ? 
% wk. 
3 a2 2 days 


portal vein. In the other patient examined after death (Case 5), the portal hyper- 
tension was caused by stenosis of the portal vein. The four patients known to 
have succumbed all died of hemorrhage in spite of transfusions. In the patient 
most recently treated an effort was made to control bleeding by means of inflated 
esophageal and gastric balloons. The patient was, however, practically moribund 
at the tume and died a few hours after the balloons were inserted. 


SPLENECTOMY 

Ten patients were treated by splenectomy (Table 3). They ranged in age 
from 4 to 32% years at the time of operation, and the first episode of bleeding 
began at from 3% to 14 years of age. The initial bleeding was evident at the 
age of 6 years or younger in half of them. Only one patient (Case 13) had a good 
result following splenectomy. This patient was the only one operated upon in 
adult life. She was 324 years old at the time and had had episodes of bleeding 
since the age of 11. During a five and one-half year follow-up she has had no 
apparent further hemorrhage. Four additional patients received no additional 
operative treatment. They all had recurrent bleeding. One child (Case 7) died 
of hemorrhage at the age of 10 years, four years after splenectomy. One child 
(Case 14), 9 years old at the time of splenectomy, has been followed for three 
and ome-half years and has apparently had only one episode of bleeding. This 
occurred shortly before he was last seen. One patient (Case 6), operated upon at 
the age of 6 years, has been followed 25 years and is still alive, though he has had 
numerous gastroesophageal hemorrhages. It is noteworthy that in this patient huge 
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collateral venous channels have developed in his abdominal and thoracic wall 


Though 


(Fig. 1). A fifth patient (Case 8) underwent splenectomy at 14. She had had alarm- 


ing hemorrhages about twice yearly during the 20 years of follow-up. 
she is considering a secondary operation, she has thus far refused to undergo it. 


TaBLeE 3.—Results of Splenectomy 


Age at 
Age at Onset of 
Date of Splenec Symptoms, 
Case No Splenectomy tomy, Yr Yr Result 
6 5 ( 5% Followed 25 yr.; still alive; persistent recurrent 
hemorrhages 
Recurrent hemorrhages; died of hemorrhage day of 
third hospital admission, 4 yr. after splenectomy 
Recurrent hematemesis and melena about twice 
yearly; followed 20 yr.; considering second opera 
tion but bas thus far 
Repeated massive hematemesis necessitating 10 
died 5% yr. later after 


(Table 4) 


refused it 


hospital admissions; 
esophagogastrectomy 
Recurrent massive hematemesis necessitating 3 hos 
pital admissions. Esophagogastrectomy 2% yr 
after splenectomy (Table 4) 
Recurrent episodes of massive bleeding 
ing & hospital admissions; esophagogastrectomy 
performed 2 yr. after splenectomy (Table 4) 
Recurrent hemorrhage necessitating 3 hospital 
esophagogastrectomy 3 yr. after 


necessitat 


admissions; 
splenectomy (Table 4) 
Followed 5% yr.; no apparent bleeding 
One episode of bleeding 3% yr 
1951, few days atter hemorrhage; 


after splenectomy; 


last seen Oct 
follow-up 3% yr 
Devascularization performed 1% (Table 5) and 
mesenteric-renal vein shunt 2% yr. after splenec 
tomy (Table 6) because of persistent episodes of 


hemorrhage 


Tas_e 4.—Data Concerning Patients Treated by Esophagogastrectomy 


Age at 
Date of Operation, Preceding 
Yr Operation Result 
after operation of leak at suture line 


Case No Operation 
Splenectomy 5% Died 5 wk 


14 
yr. previously 


1950 
1048 15 Splenectomy 2% Followed 3% yr.; no further bleeding 
yr. previously 

roublesome pleural effusion and fever requiring 
many thoracenteses during 12 mo.; exploration 
Ss mo. postoperatively revealed cavernomatous 
replacement of portal vein; follow-up 3% yr.; no 
obvious bleeding but remains chronically ill and 


1945 Splenectomy 2 7 
yr. previously 


anemic 
Splenectomy 3 Follow-up 2 yr.; no bleeding 
yr. previously; 
exploration 1 
yr. previously 
Splenectomy and 
splenorenal shunt 
2% yr. previously; 
devascularization 
1% yr. previously 


Died during operation 


The remaining five patients (Cases 9, 10, 11, 12, and 15) have all had to undergo 
further operative procedures because of persistent hemorrhage. The second opera- 
4 years after splenectomy. 


tion was performed 11%, 2, 2%, 3, and 5! 
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ESOP HAGOGASTRECTOM Y 
Five patients were treated by resection of the lower esophagus and the upper 
half of the stomach. Four of these patients had postsplenectomy bleeding, and in 
one patient there had occurred episodes of bleeding after a splenectomy and spleno- 
renal shunt and also after a devascularization procedure. There was one operative 
and one postoperative death. The former death (Case 16) occurred on the operat- 


ing table from cardiac arrest. The patient’s preoperative condition was poor because 


her gastroesophageal bleeding could not be controlled completely prior to operation 


by the use of the double balloon tube. The postoperative death (Case 9) occurred 


Collateral venous channels (Case 6). 


five weeks following operation. An esophageal-pleural fistula developed at the site 
of anastomosis, and this complication was followed by the development of empyema 
on the left. Treatment of these complications was unfortunately delayed because of 
the parents’ refusal to permit further operative procedures. Permission to drain 
the empyema was finally obtained 23 days after operation, but by this time the 
patient’s nutritional status and general condition were very poor. 

The three remaining patients are alive, and none of them has had a recurrence 
of gastroesophageal bleeding. One of these patients (Case 11) is considered to have 
only a fair result, however, since he continues to be anemic and chronically ill three 
and one-half years following esophagogastrectomy. During the first year after 
operation he was hospitalized on numerous occasions because of left pleural effusion 
and ascites. The pleural fluid resembled ascitic fluid and tended to reaccumulate 
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after each thoracentesis. It was much more troublesome than the ascites. Two of 
the patients (Cases 10 and 12) have been followed for two and three and one-half 
years following esophagogastrectomy, and both of these patients are in excellent 
health 

In three patients, esophagogastrectomy was performed without significant diff- 
culty through a left lateral thoracic approach. All these patients survived. In two 
patients, a thoracoabdominal incision was used after the region of the portal vein 
had been explored through the abdominal portion of the wound. Both of these 
patients died. In one of them (Case 9) it was felt that there was a cavernomatous 
replacement of the portal vein. Permission for postmortem examination was not 
granted. In the other case (Case 16) the portal vein could not be isolated, and 


numerous collateral venous channels were encountered in the gastrohepatic ligament 


\t postmortem examination a stenosed portal vein surrounded by a worm-like mass 
of small veins was demonstrated 


Taste 5.—Data Concerning Patients Treated by Devascularization of the Lower Half 
Esophagus and the Upper Half of the Stomach Combined 


with Vagotomy and Gastrojejunostomy 


Age at 
Date of Operation Preceding 
Operation Yr Operations Result 


195) Shy Splenectomy 14 Reewrrence of gastroesophageal bleeding 
yr. previously 1 yr. after operation; in 1951 venous 
anastomosis done between a mesenteric 
and right renal vein (Table 6) 
Splenectomy and Recurrence of gastroesophageal bleeding 
splenorenal shunt 1% yr. after operation; at this time 
l yr. previously esophagogastrectomy was attempted 
but patient died on table (Table 4 


DEVASCULARIZATION OF THE ESOPHAGUS AND STOMACH COMBINED 
WITH VAGOTOMY AND GASTROJE)J UNOSTOMY 

Two patients were treated by devascularization of the lower half of the esophagus 
and of the upper half or two-thirds of the stomach, vagotomy, and gastrojejunostomy 
Table 5). The operation was carried out through a thoracoabdominal approach 
Other operative procedures had previously been performed on both patients. One 
patient had recurrence of bleeding following a previously performed splenectomy, 
and the other patient had bleeding following a splenectomy and a splenorenal anasto 
mosis. Both patients withstood the operative procedure well, and the immediate 
postoperative course was excellent. However, gastroesophageal bleeding recurred 
in One patient one year (Case 15), and in the other one and one-half vears, after 
operation (Case 16). Further operative procedures were subsequently performed 
on both patients. One had a well-proved cavernomatous replacement of the portal 


vein; the other, a stenosis of the portal vein 


VENOUS SHUNT OPERATIONS 


Eight procedures in which the portal venous system was anastomosed to the 
systemic venous system were periormed. There were no operative or postoperative 
deaths. Six splenorenal anastomoses were carried out. Four patients (Cases 17, 
19, 20, and 21) have had excellent results. One patient has been followed for eight 


months, two for two years, and one for two and three-fourths years. One of these 





( 


ase 
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15 


4CKER-KING—SPLENIC STUDIES 505 


(Case 20) had minor episode of gastroesophageal bleeding during a 


respiratory infection associated with violent coughing six months after operation. 


patients 
Since that episode she has remained in excellent health and has been followed sub- 
sequently for one and one-half years, with no bleeding. Two patients have had 
recurrence of major gastrointestinal bleeding following splenorenal anastomosis. In 
one patient (Case 18), hematemesis occurred two and one-half years, and in the 
other (Case 16) eight months, following operation. The first failure was in the case 
of a boy who was only 2 years old at the time of operation. The splenic vein was 
very small, and the final size of the anastomosis was estimated to be only 4 mm. 
in diameter. The other failure occurred in a girl who was 11% years old at the 
time of operation. This patient was the only one on whom anticoagulant therapy 
was not carried out postoperatively. This patient later died during an attempted 
esophagogastrectomy, and postmortem examination revealed the splenic vein to be 
completely fibrosed down to the point of anastomosis with the renal vein. 

Treated by a Venous Shunt Procedure 


TasLte 6.—Data Concerning Patients 


Age at 


Date of 
Operatior 


Opera 
tion, Yr 


1951 a 


Type ¢ 
Operator 


Mesenteric te 
right rena 
vein shunt 
Spleneetomy and 
splenorena! sbunt 


Splenectomy and 
splenorena! shunt 

Splenectomy and 
splenorenail shunt 

Portacava! shunt, 
end-to-side 


Splenectomy and 
splenorenai shunt 


Previous 
Operation 


Splenectomy at 4 yr.; 


devaseularization 
atoyr 


Splenectomy and 
splenorenal shunt 
1, yr. previously 


Result 


No reeurrence of bleeding 6 mo. after 


operation 


Gastroesophageal bleeding recurred 
and devascularization of esophagus 
and stomach done 1 yr. later (Table 5) 

No reeurrence of bleeding 2% yr. after 
operation 

Bleeding recurred 2% yr. postopera 
tively and another shunt procedure 
done; no recurrence of bleeding 5 
mo. postoperatively 


No reeurrence of bleeding for 2 yr 
alter operation 


One small episode of gastroesophageal 
bleeding 6 mo. after operation; since 
then patient has been followed I‘. 
yr. with no recurrence of bleeding 


Splenectomy and 
splenorena! shunt 


No recurrence of gastroesophageal 
bleeding for 8 mo. after operation 


Splenectomy and 
spleporena! shunt 


‘nd-to-side portacaval shunt was performed. This patient (Case 18) had 
recurrence of bleeding, following a previously performed splenorenal anastomosis. 
He is now in good health and has had no recurrence of bleeding during the five 
months since operation 

In one patient, a mesenteric vein was anastomosed end-to-side to the right renal 
vein. The patient was a 6!, vear old boy (Case 15) who had continued to have 


houts of bleeding after a splenectomy performed when he was 4 years old. When 


2 vears old his portal vein had been found absent, with caverno- 


the boy was 3! 
matous replacement, and a devascularization procedure had been carried out. When 
subsequent hemorrhage made necessary another operative procedure, exploration 
was undertaken in the hope that the superior mesenteric vein could be used. When 
the larger mesenteric veins were traced proximally, they were found to end in a 
mass of tiny collateral veins somewhat distal to the point at which they should have 
joined the superior mesenteric vein, which was not existent. The largest of these 


veins, which was only about 3 mm. in diameter, was implanted end-to-side into the 
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right renal vein. The prognosis was not considered good in view of the small size 
of the vein and the very limited segment of the portal venous system which was 
thus shunted into the systemic circulation. During the six months since operation, 
however, this patient has been in excellent health and has had no bleeding. 

All the venous anastomoses were performed by suture technique. In all instances 
except the one case mentioned, intensive heparin therapy was begun approximately 
six hours after completion of the operation. Heparinization was continued for a 
number of days and was discontinued only after the prothrombin level had been 
adequately altered by the administration of bishydroxycoumarin (dicumarol®). 
Treatment with bishydroxycoumarin was ordinarily continued for a period of 
approximately one week. 

COMMENT 

The limited experience with nonoperative treatment of portal hypertension asso- 
ciated with gastroesophageal hemorrhage in children encountered in the present 
study adds confirmation to the belief that such expectant management generally 
results in a disastrous outcome. Four of the five patients died of hemorrhage, and 
the fifth is known to have been having recurrent bleeding when last heard from 13 
years ago. Furthermore, in all the other cases reviewed, bleeding tended to recur 
until operative treatment was undertaken. It is impossible to estimate from data 
recorded in the literature the life expectancy of children with portal hypertension 


£ 


and gastroesophageal hemorrhage not treated operatively. Linton '* mentions a 
study by Shull of 20 patients of varying ages thought to have Banti’s syndrome due 
to extrahepatic portal obstruction. At the time of the analysis, 7 of the 20 were 
dead, 5 of them from gastrointestinal hemorrhage. In another report Linton * cites 
Shull as having found that 18 of 19 patients with so-called Banti’s disease were alive 
at the end of two years. He does not state, however, whether these patients were 
treated operatively during this period. Barg and Dulin * studied 43 patients for 
whom they made a diagnosis of Banti’s syndrome. All age groups were represented, 
and only six were children under the age of 16. Only 17 of the 43 patients gave a 
history of hematemesis. Six of the 21 patients not treated by operation were known 
to be living at the time of the report, and 11 were known to be dead. Ten of the 
11 died within a year after their discharge from the hospital. When Costello * 
reviewed a group of 24 patients who had massive bleeding from esophageal varices, 
71% were dead at the time of the report. 

Our experiences also emphasize the inadequacy of splenectomy as a method of 
definitive treatment for portal hypertension in children associated with gastro- 
esophageal bleeding. Of 10 patients treated first by splenectomy alone, a good result 
was obtained in only one instance. It is interesting that this exceptional patient 
underwent a splenectomy at the age of 32% years. The episodes of bleeding which 


had recurred frequently during the preceding 25 years have not returned during 


the five and one-half year period since operation. Recurrent bleeding followed 
splenectomy in the remaining nine patients. Four have not been treated by addi- 
a 

2. Linton, R. R The Selection of Patients for Portacaval Shunts, Ann. Surg. 134:433, 
1951 
3. Barg, E. H., and Dulin, J. W.: Splenectomy in the Treatment of Banti’s Syndrome, 
Arch. Surg. 42:91, 1940 

4. Costello, C.: Massive Hematemesis: An Analysis of 300 Consecutive Cases, Ann. Surg. 
129: 289, 1949 
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tional operative measures, and one of the four has died of hemorrhage. In the two 
patients followed for a long time, repeated episodes of bleeding have been a constant 
threat to the patients’ lives. Five of the ten patients treated initially by splenectomy 
have had to undergo further operative treatment, and others should have been 
reoperated .upon. 


In general, the reported results of splenectomy performed for portal hypertension 


and gastroesophageal hemorrhage have been poor. Rousselot * studied 15 patients 
with hematemesis and portal hypertension thought due to extrahepatic obstruction 
who were treated by splenectomy. Ten of these patients were under the age of 15 
and 14 were under the age of 21 at the time of the first gastrointestinal bleeding. 
Nine of the 15 continued to have gastrointestinal bleeding, and 5 of the 9 were dead 
at the time of the report. Fourteen of 25 patients with congestive splenomegaly) 
subjected to splenectomy by Lahey ® had gastrointestinal hemorrhage before opera- 
tion. One-fourth of the 12 patients who could be followed had recurrent hemorrhage. 
Eleven of 13 patients treated by splenectomy by Cole and his associates * could be 
followed. Two had good results; a third had symptoms of cirrhosis, and a fourth 
was still having episodes of bleeding. The remaining seven were dead; five of them 
died postoperatively in the hospital, four of hematemesis. Pemberton * stated that 
there was recurrence of bleeding after operation in 54% of 173 patients who had 
had bleeding before splenectomy. 

In the present study, esophagogastrectomy was associated with a high mortality. 
One of the five patients died during operation, and one died postoperatively. It is 
noteworthy, however, that the three patients treated by transthoracic esophago- 
gastrectomy without preliminary abdominal exploration survived. The operation 
is certainly performed with greater ease through this route than by means of a 
combined thoracoabdominal incision. The death which occurred during operation 
was that of a girl in whom bleeding had persisted in spite of efforts to control it 
with intragastric and esophageal balloons. Management of the leak at the suture 
line in the other case was rendered virtually impossible by the lack of cooperation 
on the part of the parents. It is our impression that if esophagogastrectomy is to be 
performed it is best carried out through the thorax and that the risk is greatly 
increased in the presence of active bleeding. It is of interest that one of the three 
surviving patients had troublesome pleural effusion for a year after operation, 
apparently as a result of transudation from the thoracic portion of the stomach. 
Esophagogastrectomy has thus far eliminated gastroesophageal hemorrhage in the 
two other patients, who have been followed for two and three and one-half years 
since the procedure was carried out. 

— 

5. Rousselot, M.: The Late Phase of Congestive Splenomegaly (Banti’s Syndrome) With 
Hematemesis but Without Cirrhosis of the Liver, Surgery 8:34, 1940. 

6. Lahey, F. H., and Narcross, J. W.: Splenectomy: When Is It Indicated? Ann. Surg. 
128 : 363, 1948. 

7. Cole, W. H.; LeRoy, W., and Limarzi, L. R.: Indications and Results of Splenectomy, 
Ann. Surg. 129:702, 1949. 

8. Pemberton, J. DeJ., and Kiernan, P.: Surgery of the Spleen, S. Clin. North America 
25:880, 1945. 
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Phemister * reported the case of a 21-year-old white woman who had the onset 
of hematemesis at the age of 4 years, m whom a gastroesophageal resection was 
performed. The patient had no recurrence of bleeding three and one-half years 
after operation. Schafer and Kittle '* reported 5 cases of Banti’s syndrome m which 
the initial hematemesis occurred during childhood. None of these patients had 
evidence of significant liver diseases. Esophagogastrectomy was performed upon 
all these patients. One had recurrence of hematemesis 18 months after operation 
and died 20 months postoperatively from gastrointestinal bleeding. The remaining 
jour patients had no recurrence of bleeding for follow-up periods varying from 6 to 
15 months. Womack ™ reported a group of five patients who had had the lower 
portion of the esophagus, a considerable part of the stomach, and the spleen removed. 
All 5 of the patients had liver disease. One patient died while in the hospsta! from 
pulmonary embolism, and another patient died one year postoperatively with what 
was apparently hepatic msufficiency. The other three patients, a boy of 15 years, 
a woman of 58, and a man of 56, have had most satisiactory postoperative courses 
for periods ranging from 14 to 23 months. 

Our experience with the procedure of devascularization of the lower half of 
the esophagus and the upper hali or two-thirds of the stomach combined with 
vagotomy and gastrojejunostomy has been extremely disappointing. Gastroesoplia- 
geal bleeding recurred in both patients, m one one year and in the other a year and 
one-hali alter operation. Further confirmation of the inadequacy of this operation 
is Suggested by an additional expenence with an adult patient operated upon in the 
presence of persistent bleeding not controllable by esophageal and gastric balloons. 
After complete division of all blood vessels entering the lower half of the esophagus 
and the upper half of the stomach, active hemorrhage was noted to be contmuing, 
amd when the stomach was opened a varix im the cardia was observed to be bleeding 
profusely. The procedure of devasculanization, gastrojejunostomy, and vagotomy 
was suggested by Gray and Whitesell,"* with the thought that reduction of the 
acid peptic factors of the stomach might add to the efficacy of devasculanization. 
Raronoisky ‘* had previously concluded that the acid peptic factor played a large 
role in the causation of hemorrhage im patients with portal hypertension, though 
his suggestion as to treatment was that of extensive gastric resection. The three 
patients treated by Gray and Whitesell had not had recurrence of bleeding at the 
time of their report, but they had been followed only from 5 to 14 months. 


9 Phemister, D. B., and Humphreys, E. M.: Gastroesophageal Resection amd Total Gastrec 
tomy m the Treatment of Bleeding Varicose Ves in Banti’s Syndrome, Aan. Sarg. 126: 597, 
1947 ; m discussion on Blakemore, A. H., amd Fitzpatrick, H. F.: The Surgical Mamagement 0/ 
the Post-Splenectomy Bleeder with Extrahepatic Portal Hypertension, Ann Sarg. 184:420, 
1951 

10. Schafer, P. W., and Kittle, F. C.: Partial Esophagogastrectomy im the Treatment oi 
Esophagogastric Varices, Arch. Surg. 61:235, 1950. 

11. Womack, N. A., im discussion on Gray, H. K.. and Whitesell, F. B, Jr: Hemorrhage 
from Esophageal Varices, Amn. Surg. 132:798, 1950. 

12. Gray, H. K., and Whitesell, F. B, Jr.: Hemorrhage from Esophageal Varices: Surgical 
Management, Ann. Surg. 182:798, 1950. 

13. Baronofsky, 1. D.: Portal Hypertemsion: With Special Reference to Acd-Peptac Factor 
in Causation of Hemorrhage and Extensive Gastric Resection im Its Treatment, Surgery 25: 135, 
1949 
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In our hands, reasonably good results were obtained with anastomoses between 
the portal and systemic venous systems, though the results were far from perfect. 
There were no operative deaths during or following the eight operations, and 
another child, whose case is not included in this report, withstood surgery without 
difficulty. Four of the six patients treated initially by splenectomy and splenorenal 
anastomosis have done well during follow-up periods of eight months and two, two, 
and two and three-fourths years. Two patients, however, did poorly, having hema- 
temeses eight months and two and one-half years after operation. It is interesting 
and perhaps significant that the two failures occurred in a very small 2-year-old 
child in whom the anastomosis was quite small, and in a larger child for whom 
anticoagulant therapy was not employed. Bleeding has not recurred in the one case 
of portacaval anastomosis or in the one instance of mesenteric to renal vein anasto- 
mosis. Both patients, however, have been followed only a short time. 

Blakemore '* recently reported the results in 40 patients with portal hypertension 
due to extrahepatic block in whom some type of shunt procedure was carried out. 
After operation, a history of recurrent gastrointestinal hemorrhage was obtained in 
the cases of 15 patients, or 37.5% of the group. There were three postoperative 
deaths, an operative mortality of 7.5%. Among the 37 patients who were followed 
after discharge from the hospital, there were two deaths due to gastrointestinal 
hemorrhage, and in both cases the shunt proved to be occluded at postmortem 
examination. Most of the postoperative failures occurred in patients who had 
splenectomy previous to the shunt procedure. Venous anastomoses were performed 
in 14 patients with postsplenectomy bleeding, and hemorrhage recurred after opera- 
tion in 10 of these patients. Much better results were obtained when a splenorenal 
anastomosis with a suture technique was performed as the primary procedure. In 
15 cases in which this was carried out there was only one postoperative failure. 

Linton? recently reported the results of venous shunt operations performed 
upon 24 patients with extrahepatic portal vein obstruction in all age groups. 
Twenty-six shunts were performed, with one death, an operative mortality of 3.8%. 
Twenty-three patients were followed for periods of from one month to six years. 
Two patients had minor, and four patients major, recurrence of bleeding. In two 
of these patients with major recurrence of bleeding an anastomoses between the 
portal vein and the vena cava was subsequently made, with relief of hemorrhage. 
None of the patients at the time of the report had died of gastroesophageal bleeding 
following operation. 

Postmortem studies were carried out on four of our seven patients who died. 
The cause of portal hypertension was stenosis of the portal vein in two cases, stenosis 
of the portal vein associated with moderate cirrhosis of the liver in another, and 
cavernomatous alteration of the portal vein with thrombosis and recanalization of 
the remaining portion of the portal vein and the splenic vein in the other case. In 
four instances in which a careful exploration was carried out at the time of opera- 
tion, the impression was held that the cause of the portal hypertension was caverno- 
matous replacement of the portal vein. It is recognized, however, that in some of 
these cases there may have existed a stenosis of the portal vein with associated 
angiomatous venous collaterals in the gastrohepatic ligament. In the single instance 


14. Blakemore, A. H., and Fitzpatrick, H. F.: The Surgical Management of the Post- 
Splenectomy Bleeder with Extrahepatic Portal Hypertension, Ann. Surg. 134:420, 1951. 
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in which a portacaval anastomosis was performed, the precise nature of the portal 
block was not evident. It is possible that in this case there may have existed a partial 
stenosis of the portal vein in or near the hilus of the liver. 


CONCLUSIONS 

It is recognized that conclusions may be erroneous unless based upon a large 
experience and a period of observation extending over many years. Certainly the 
present studies do not permit us to draw statistically valid conclusions. From them, 
however, we have derived the following impressions: expectant treatment in cases 
of portal hypertension associated with gastroesophageal bleeding in children is 
almost certain to be followed by bad results. The results from splenectomy alone 
are so poor as to warrant condemnation of this procedure as the primary method 
of treatment. Though the results are not perfect, everything suggests that the best 
available method of initial treatment is splenectomy and splenorenal anastomosis by 
suture technique. It is entirely likely that the small size of the splenic vein in very 
small children may add to the possibility of failure. Adequate anticoagulant therapy 
appears to be a useful adjuvant in cases of venous shunt operations. When splenec- 


tomy and splenorenal anastomosis are followed by recurrence of gastroesophageal 


bleeding, portacaval anastomosis should be carried out if possible. If no adequate 
portal vein is present, the next best procedure would appear to be utilization of the 
superior mesenteric vein or some other large branch of the portal venous system. 
When an adequate shunt cannot be made between the portal and systemic venous 
systems, esophagogastrectomy seems to be the procedure of choice. It is best carried 
out through a left transthoracic approach, without immediate preliminary explora- 
tion of the abdominal cavity. The risk of operation is greater when it is performed 
in the presence of active bleeding. Devascularization of the esophagus and stomach, 
even when combined with vagotomy and gastrojejunostomy, offers little promise 
of long-continued absence of gastroesophageal bleeding. 





USE OF FIBRINOLYSIN IN SURGICAL COMPLICATIONS 


R. R. MARGULIS, M.D. 
AND 


B. E. BRUSH, M.D. 
DETROIT 


E ARE presenting our experience with the enzymatic agent fibrinolysin in 

the treatment of several surgical complications. One hundred instances in 
which the material was used are reviewed in order to evaluate its worth. The pro- 
enzyme, profibrinolysin, occurs naturally and circulates in human and animal plasma 
The proenzyme becomes activated under certain circumstances during life and also 
post mortem. It has been shown that an extract of a Streptococcus culture, Lance 
field A., possesses an enzyme activator which changes profibrinolysin to active 
fibrinolysin. This activator is streptokinase, which has itself been used in enzymatic 
débridement.'| Epinephrine and chloroform also have the ability to activate pro 
fibrinolysin. 

As early as 1893 a Frenchman, Dastre,’ called attention to the proteolytic activity 
of the blood serum. Fibrinolysin was first isolated in almost pure form in 1946 by 
I. C. Loomis and his associates.’"* The material used in this study was obtained 
from the Division of Clinical Investigation of Parke, Davis & Company. It is 
derived from bovine plasma. The bovine profibrinolysin was activated with chloro- 
form. Fibrinolysin is a euglobin and therefore insoluble in water. It dissolves 
readily in saline. It is a white amorphous powder, active in the range of 5.5 to 


7.2 pH. The potency of the enzyme decreases on standing at room temperature to 


40% in four hours. In our investigation we have used the 50-unit and the 105-unit 
sterile vials. The units are defined by Loomis ™ according to the ability of the 
enzyme to dissolve a given amount of fibrin in vitro under standard conditions 
snnsatiiniininiaainn 

From the Department of Surgery and Gynecology, Henry Ford Hospital 

Read at the Ninth Annual Meeting of the Central Surgical Association, Toronto, Canada, 
March 7, 1952. 

Fibrinolysin was obtained through the courtesy of Parke, Davis & Company, Department 
of Clinical Investigation 

1. (a) Loomis, E. C.; George, C., Jr., and Ryder, A.: Fibrinolysin: Nomenclature, Unit, 
Assay, Preparation and Properties, Arch. Biochem. 12:1-5 (Jan.) 1947. (b) Christensen, L. R., 
and MacLeod, C. M.: Proteolytic Enzyme of Serum: Characterization, Activation, and 
Reaction with Inhibitors, J. Gen. Physiol. 28:559-583 (July) 1945. (c) Tillett, W. S.. and 
Garner, R. L.: Fibrinolytic Activity of Hemolytic Streptococci, J. Exper. Med .58:485-502 
(Oct.) 1933. (d) Milstone, H.: Factor in Normal Human Blood Which Participates in 
Streptococcal Fibrinolysis, J. Immunol. 42:109-116 (Oct.) 1941. 

2. Dastre, A.: Fibrinolyse dans le sang, Arch. de physiol. norm. et path. (Ser. 5) 5:661, 
1893; Fibrinolyse: Digestion de la fibrine fraiche par les solutions salines faibles, ibid. (Ser. 7) 
5:408, 1895; cited by Christensen and MacLeod.'> 
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The vials contain a sufficient amount of NaCl to permit solubility within 60 
seconds in 10 cc. of water or isotonic salt solution. The 105-unit vial contains 125 
mg. of protein, of which 19.60 mg. is nitrogen. The moisture content is 1.82% 

Fibrinolysin, when mixed with the antibiotics penicillin, chloramphenicol ( chloro- 
mycetin® ), and dehydrostreptomycin, loses little of its activity. The following results 
were obtained * by allowing each antibiotic-enzyme mixture to stand at 28 C. for 15 
minutes and then the fibrinolytic potency was assayed again (Table 1). 

Fibrinolysin has the unique property of attacking only fibrin, fibrinogen, and 
prothrombin,’ and thus differs from other enzymes, as trypsin ° and streptodornase, 
which have also been used in débridement. Recently it has been reported that 
fibrinolysin also lyses gelatin and casein,’ but these are of less importance in 
human physiopathology. This quality of dissolving only fibrin lessens the danger 
of the enzymatic activity extending into healthy tissues 

Infected wound débridement, the treatment of draining sinuses, and the evacua 
tion of hematomas and clots of coagulated blood in the thoracic cavity and the urinary 
bladder were thought to be conditions in which the enzyme might have value. The 


common denominator in all these conditions is fibrin, which, as a meshwork, engulfs 
TasLe 1.—Effect of Antibiotics upon Fibrinolysim Activity 


Dihydro 
Penicillin Chloromycetin streptomyei: 


Fibrinolysin U/MI 5.65 u 5.65 ». 85 10.5 
Antibiotie U/ML 1000 0 0.25% 0.125 Sat'd 


Fibrinolysin loss or gain O15 0.9 +1.3 Os 


97 17 


ra 7. +24 
the elements of the inflammatory exudate and binds the necrotic debris to the healthy 


granulation tissue. In hematomas and blood clots fibrin forms the frame around 
which the cellular elements of the blood accumulate 


RESULTS 
The enzyme was tried in three groups of patients. The first comprised 38 
patients, in whom liquefaction of blood clots was desired; the second group con- 


sisted of 32 patients in which débridement of infected wounds and draining sinuses 


was attempted with fibrinolysin, and the last group was 30 patients with postopera 


tive respiratory complications. The breakdown of these three groups is presented 
in Table 2 


Group 1. Liquefaction of Blood Clots.—A. Hematoma; Fibrinolysin was used 


to aid in evacuating the blood clots from subcutaneous hematomas which followed 


a 
3. Loomis, E. ¢ Personal communication to the authors 


4. Seegers, W. H., and Loomis, E. C Prothrombin and Fibrinolysin, Science 104:451- 
462 (Nov. 15) 194¢ 


5. Curtis, G Personal communication to the authors 


6. Tillett, W. S.; Sherry, S.; Christensen, L. R.; Johnson, A. J., and Hazlehurst, G 


Streptococcal Enzymatic Debridement, Ann, Surg. 131:12 (Jan.) 1950 
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7. Christensen, L. R Streptococcal Fibrinolysis: Proteolytic Reaction Due to Serum 
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Enzyme Activated by Streptococcal Fibrinolysin, J. Gen. Physiol. 28:363-383 (March) 1945 
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surgery or trauma in 19 cases. The skin was cleansed and sterilized, and a local 
anesthetic was injected in small wheels. An attempt was made to aspirate as much 
blood as possible through a 16-gauge needle, then through the same needle 105 to 
420 units of fibrinolysin dissolved in 10 to 40 cc. of water were injected into the 
hematoma. After a waiting period of 15 to 30 minutes the fluid content of the hema- 
toma was aspirated through a 16-gauge needle (Fig. 1). Whenever the hematoma 
occurred within an operative incision, a small opening was made by inserting a 
No. 18 catheter through the incision. After the liquefied hematoma was removed, 
the dead space was irrigated with isotonic saline solution. This had a dual purpose 
of evacuating small clumps of the disintegrated blood clot which could not pass the 
16-gauge needle and also removing any excess of fibrinolysin, thus preventing the 
possibility of new bleeding. The wound was then dressed with a firm pressure 
bandage. The patient received routinely 1 cc. of penicillin procaine, 300,000 units 


Paste 2.—One Hundred Patients Treated with Fibrinolysin 


Group I: Liquefaction of Blood Clots 
A. Hematomas ...... 
B. Hemothorax 
©. Blood elots in G. U 
D. Blood elots in N. 8 
E. Miscellaneous 


Group II Débridement of Wounds and Draining Sinuses 
A. Postoperative mastectomy wound........... 
B. Abscesses 
( Burns 
Db. Uleers ashe 
E. Draining sinuses.. 
F. Empyema 


Group III: Respiratory Complications 
A. Atelectasis . ; 
B. Tenacious bronchial secretion.. 


Total 


to forestall a secondary infection, even though throughout the entire procedure a 
strictly sterile technique was maintained. Not a single case of secondary wound 
infection was observed in this series. 

The hematomas followed such operative procedures as repair of inguinal and 
ventral hernias, appendectomy, hysterectomy, salpingectomy, radical neck dissection, 
and excision of lymph nodes from the axilla. Removal of the hematoma was usually 
attempted between the fifth and the seventh postoperative day. The amount of 
fibrinolysin used to lyse the coagulated blood varied from 105 to 420 units. The 
amount of liquefied blood prior to the injection of the enzyme ranged from O to 
300 cc., and the amount of blood obtained after the fibrinolysin was instilled was 


20 ce. to 220 cc. The result obtained with fibrinolysin was judged by the ability of 


the enzyme to flatten the hematoma after the liquefied blood was aspirated ( Fig. 2). 
This was achieved in all but three instances. 

When the hematoma is adjacent to or within adipose tissue, a good deal of 
edema due to the infiltration of these loose tissues with liquefied blood will be noted. 


Fibrinolysin has only minimal effect to lyse blood in these locations. Hematomas 
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Fig. 1.—Procedure used for evacuation of hematomas. 4, attempt to aspirate the hematoma 
B, fibrinolysin injected. C, 30 minutes later liquetied hematoma aspirated 


Se 


Fig. 2.—Postoperative hematoma within an inguinal hernia incision (.4) before and (B) after 
fibrinolysin injection. From Margulis and Pratt,!! with permission of W. B. Saunders Company. 
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localized over the forehead will be promptly lysed but only partly evacuated because 
some of the liquefied blood will be localized around the eyelids, the periorbital 
tissues, and the cheeks. 

B. Hemothorax : Hemothorax was treated two times in this series. Both trmes 
there was failure to show striking improvement with fibrinolysin. The failure can 
be partly explained by the inadequate amount of the enzyme instilled into the 
thoracic cavity. 

C. Genitourinary System: In urological patients, fibrinolysin was used to liquefy 
blood clots in the bladder and the renal pelvis. Blood clots in the bladder occurred 
after suprapubic prostatectomy in patients with tumors of the bladder and in one 
case of a 6-year-old child with a blood dyscrasia. 

The following procedure was used to lyse the blood clots in the bladder, Through 
a Foley catheter 210 to 315 units of fibrinolysin dissolved in 20 to 30 ce. of distilled 
water were injected into the bladder. The catheter was then clamped for one hour 
and 20 minutes, after which period the bladder was emptied and the liquetied blood 
was evacuated. Lysis of the clots was very satisfactory in six, fair in two, and poor 
in one case. Removal of excess fibrinolysin was achieved by irrigating the bladder 
with saline solution, to avoid further bleeding. 

It is believed that cases in which the renal pelvis is filled with blood clots may 
be difterentiated from cases of tumor by the use of fibrinolysin. Removal of a clot 
in the renal pelvis was attempted in three cases. A ureteral catheter was introduced 
into the renal pelvis and in two cases 105 units of fibrinolysin in 10 cc. of water 
were instilled into the renal pelvis. The first two patients had a tumor filling the 
kidney pelvis, and after the enzyme was instilled only a minimal amount of blood- 
tinged fluid escaped from the kidney. The x-ray did not demonstrate any changes 
after the enzyme was instilled. One patient had a hemangioma of the renal pelvis 
and also suffered from sickle cell anemia. One kidney had been previously removed 
because of severe renal bleeding. Irrigation with the enzyme resulted in evacuation 
of a small amount of blood-tinged fluid mixed with small particles consisting of 
red cell clumps. No change was noted in the x-ray picture after the use of fibrino- 
lysin. These inconclusive results may have been due to the use of a small ureteral 
catheter or the weak solution of the enzyme. The enzyme is further diluted by the 
continuous flow of urine. The least solvent that can be used for 105 units is 3 cc. 
of distilled water. \WWhen this solution was used on a third patient, good results 
were obtained. 

D. Neurosurgery: In two patients with subdural hematomas, satisfactory 
exposure was obtained, and fibrinolysin was applied to the area with cotton appli- 
cators. After a short time the liquefied clot could be rinsed from the area with 
saline. Unfortunately in both cases bleeding recurred, but postmortem examination 
proved that the bleeding originated from areas where no enzyme was applied. In 
another case fibrinolysin was used to facilitate the aspiration of thick pus from a 
brain abscess. No toxicity was noted after the enzyme was injected and aspirated. 
It was our impression that the viscosity of the pus was reduced, and that the 
evacuation of the content of the abscess cavity was facilitated. 


E. Miscellaneous: In this group fibrinolysin was injected into a pericardial 


cavity which was filled with blood coagulum. One hundred five units of the enzyme 
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diluted in 10 cc. of distilled water were used 24 hours before contemplated surgery. 
When the pericardium was opened one day later, 350 cc. of liquefied blood was 
removed. The characteristic small fragments of clot dissolved by the enzyme were 
noted 

In one instance, massive bleeding from esophageal varices was controlled with 
a Sengstaken tube. The patient was nauseated, and the stomach was distended with 
blood. After a buffer solution * was introduced into the stomach, 310 units in 30 ce. 
of water were given orally. Fifteen minutes later, after the “enzymatic drink” 
dissolved some of the clots, the patient felt much relieved, and the distention dis- 
appeared together with the nausea. It is assumed that the clots were liquefied, 
permitting passage through the pylorus. 

Group 11. Infected Wounds and Sinuses.—-Enzymatie débridement with fibrin- 
olysin was used in 32 patients with infected wounds after radical mastectomy, 
abscesses, third-degree burns, ulcers due to metabolic or circulatory disturbances, 
decubitus ulcers, and chronic draining sinuses. The purpose of applying fibrinolysin 
was to separate enzymatically the dead, necrotic tissue from the underlying or 
adjacent healthy structure. The solution may be sprinkled over an infected wound 
or instilled through a small catheter into a draining sinus or under skin flaps. The 
fibrinolysin was left in place for 30 minutes; then the wound was irrigated with a 
3% peroxide solution, The gross debris was washed off or atraumatically dislodged 
with sterile instruments. This procedure was repeated, whenever possible, three 
times a day. The amount of enzyme used varied with the surface area and the 
depth of the sinus. Control areas were moistened with saline solution and then 
irrigated with peroxide solution. The results in eight cases of infected post-radical- 
mastectomy wounds were good. Within three or five days a clean granulating 
surface was obtained, which permitted grafting. In the ninth case, although the 
gross debris was cleansed away, the area could not be grafted because of the 
persistent infection with Pseudomonas aeruginosa. Good results were obtained 
with the abscesses and in the debridement of third-degree burns, except in one 
patient with an old burn which originated from deep x-ray therapy. Ulcerations, 
decubitus ulcer, and infected wounds responded satisfactorily, but for one case of 
an old ulceration on the sole of the foot of a diabetic patient. Figure 3 shows the 
speedy debridement of an infected wound after a compound fracture treated with 
external fixation. Grafting was possible on the fifth day after the enzyme was 
applied. Good results were obtained in all the seven cases of draining sinuses 
treated with fibrinolysin. It is very difficult to set up satisfactory controls in this 
group, and therefore evaluation is rather difficult. It is our impression that the 
débridement was achieved more quickly than in the controls. 


‘The enzyme was used in two cases of empyema. In both patients we were not 


able to aspirate the thick pus. No change in the quality of the pus appeared after 


the fibrinolysin was injected into the pleural cavity. 
Group I1l. Respiratory Complications.—In the third group, 24 patients with 
postoperative atelectasis and 6 with thick tenacious bronchial secretions were 
8. Daly, B. M.; Johnston, C. G., and Penberthy, G. C.: The Management of Patients with 
Bleeding from the Upper Gastrointestinal Tract with Buffer and Thrombin Solution, Ann 
Surg. 129:832-839 (June) 1949, 





VARGULIS-BRUSH—FIBRINOLYSIN IN) SURGICAL COMPLICATIONS 


Fig. 3.—Infected compound fracture with external fixation. A, before fibrinolysin applied 
KR, clean granulated surface three days after fibrinolysin applied. C, area grafted five days later 


a. 
. £ 





Fig. 4.—Postoperative atelectasis after cholecystectomy before and after fibrinolysin aerosol 
inhalation. 
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treated with fibrinolysin. The enzyme was administered through an aerosol inhaler 
using 21 units of the enzyme in 2 ce. of distilled water every hour to facilitate the 
dislodgenient of the inspissated bronchial secretion and also to loosen the mucous 
plug in association with atelectasis. The rationale for the use of fibrinolysin in 
patients with atelectasis is based only on a hypothesis that the mucous plug is 
acting as a foreign body and is irritating the wall of the bronchiolus. Such an 
“irritated” bronchiolus secretes an exudate rich in fibrin, which seals the plug to 
the bronchial wall and creates a relative vacuum in the bronchiolus behind the 
mucous plug. Oxygen in the trapped air is absorbed first, and nitrogen later. Within 
such a vacuum the plug is held firmly in place and thus cannot be dislodged by deep 
breathing, since no pressure changes occur during respiration in the “vacuum” 
distal to the obstruction. Fibrinolysin by liquefying the fibrin around the mucous 
plug permits air to enter distally, and when the pressure is thus altered, deep 
respiration facilitates the dislodgement of the plug. 
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Fig. 5.—Pulse and temperature response to use of fibrinolysin. 





The treatment appeared to be effective in all 24 cases of atelectasis. This was 
proved by fluoroscopy or chest x-ray, the patient’s subjective feeling, and the 
increased amount of expectoration (Fig. 4). After inhalation of fibrinolysin, the 
sputum became more copious and less viscid both in atelectasis and in the six 
patients with tenacious bronchial secretion. A rapid reduction in temperature and 
pulse was usually noted. Some of the patients with atelectasis who failed to respond 
to the usual methods of treatment, which consisted of pounding of the chest (mechan- 
ical dislodgement of the mucous plug), the use of antibiotics, increased fluid 
intake, and the inhalation of CO, and oxygen, responded promptly to the use of 
the fibrinolysin (Fig. 5). 

TOXICITY 

Fibrinolysin was administered subcutaneously, by inhalation, by mouth, intra- 

thecally, and intracerebrally. No allergic or toxic reaction was observed in this 


series except in one case in which the enzyme was injected intrathecally. This 





VWARGULIS-BRUSH—FIBRINOLYSIN IN) SURGICAL COMPLICATIONS 519 


patient’s temperature rose to 101 F.; however, it returned to normal, without treat- 
ment, within three hours. At present the possibility of injecting fibrinolysin intra- 
venously is being studied. 


COMMENT 


Homeostasis of blood is maintained by two opposing sets of enzymes, one pro- 
moting clotting, the other tending to inhibit it or to lyse the clot already formed. 
lhus the fluidity of the blood and the prevention of intravascular clotting are main- 
tained ( Fig. 6). The enzyme studied has received great attention by many investi- 
gators. Various names have been given to the proenzyme which circulates in human 
and animal plasma. Synonyms to Loomis’ profibrinolysin are plasminogen ° and 
the lyzing or serum factor." Known activators of profibrinolysin are strepto 


kinase,’* staphylokinase, epinephrine,’® and chloroform.'* Therefore it is evident 
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Fig. 6.—Enzymatic reactions involved in blood clotting. From E Loomis.!# 


that results obtained by streptokinase can be duplicated with the active enzyme 
fibrinolysin. 

Impressions obtained in our preliminary report '! are confirmed in this study. 

The evacuation of hematomas with an enzyme is convenient. The dangers 
involved are new bleeding and possible wound infection. The latter may be prevented 
by simultaneous injection of an antibiotic. Gcood results in the evacuation of blood 
clots from the urinary tract may be expected, since the lysis of clotting blood is one 
of the main properties of fibrinolysin. In neurosurgery it must be used cautiously 


because of the possible danger of reactivating the hemorrhage. 


9. Christensen, L. R., and Smith, D. H., Jr.: Plasminogen Purification by Acid Extraction, 
Proc. Soc. Exper. Biol. & Med. 74:840-844 (Aug.) 1950 


10. Biggs, R.; Macfarlane, R. G.; and Pilling, J.: Observations on Fibrinolysis: Experi- 
mental Activity Produced by Exercise or Adrenaline, Lancet 1:402-405 (March 29) 1947. 

11. Margulis, R. R., and Pratt, J. P.: Use of a Naturally Circulating Fibrinolytic Enzyme 
in Surgical Diseases, in Surgical Forum: Proceedings of the Clinical Congress of the American 
College of Surgeons, 1952, Philadelphia, W. B. Saunders Company, to be published 
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\lthough the results obtained in Group II with postoperative mastectomy 
wounds, infected wounds, ulcers, burns, and chronic sinuses were excellent, it must 
he remembered that these are clinical impressions and that identical controls are 
difficult to establish. In Group II] the fibrinolysin worked quite well. While this 
way of treating atelectasis may have no great advantage over the traditional chest 
pounding or other accepted methods in the ordinary case, it is particularly helpful 
in stubborn cases and gives us a way to achieve atraumatically good lung aeration. 


It must be clearly understood that the enzyme as such has no bactericidal or 


bacteriostatic action. This has been proved * by testing Streptococcus, Staphylo- 


coccus and Pneumococcus cultures in vitro with fibrinolysin. For antibacterial 
action we have relied on the simultaneous administration of chemotherapeutic agents 
and antibiotics, and there was no evidence that the enzyme interfered with the 
action of these agents. On the other hand, the removal of the debris facilitated the 
effectiveness of the bactericidal drug. 


SUMMARY AND CONCLUSIONS 

Clinical use of a fibrinolytic enzyme is described in 100 cases, in three groups 
of patients. The first group comprises 38 patients in whom blood clots were 
liquefied. Group Il comprises 32 patients in whom fibrinolysis was used for débride 
ment of infected wounds, burns, and draining sinuses. Group III was composed of 
patients with postoperative respiratory complications—24 patients with atelectasi- 
and © patients with annoying tenacious bronchial secretions. Apparent successes 
in Group | do not require control studies, since evacuation of liquid blood is a 
sufficient proof of the enzyme activity. Although good results were obtained i 
Groups Il and III, they still must be considered only as favorable clinical impres- 
sions, since satisfactory controls are so difficult to establish. 

The similarity of action between fibrinolysin and streptokinase is explained. 
and it is indicated that the latter is an activator of profibrinolysin. 


DISCUSSION 

Dr. L. CHANDLER Roerric, Columbus, Ohio: As you know, those of us in Columbus who 
have been working with this problem of enzymatic débridement have been using the method 
of tryptic debridement for over a year. In our investigation, we have found that much is vet 
to be learned about the whole problem of enzyme therapy 

When we first started, we thought we were using pure trypsin, as described by Northroy 
and Kunitz. We have since found, after additional purification of the material we were work 
ing with, that as purification has been achieved, to a certain extent some of the proteolyti 
activity is lost 

However, we feel that at present trypsin is still the only product, that is, the one singl 
enzyme which will achieve three of the four things that are desirable with enzymatic débrid 
ment. These are the dissolving of pus, the lysis of dead protein material, and the lysis of fibrir 
Che fourth thing we desire is the fragmentation of collagen. Thus far, we have not been able t 
get a satistactory collagenase 

I should like to show you briefly some of the results we have achieved since we reported 
this one year ago 

[Slide] This slide shows an infected wound of the hand 

[Slide] After 24 hours of trypsin therapy, this is the result 

[Slide] This is a compound fracture of the arm which was treated with tryptic débridement 
By our present standards it was given inadequate treatment, being treated every other day f 
seven days 
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[Slide] This is the result at the end of seven days. 


{Slide] This is the result at the end of 14 days. The callus is bridging the fracture site 
[Slide] This is a meningocele. On the left is the picture before use of trypsin was started 
On the right is the result after 24 hours of therapy 


rhe lesion was operatively closed the 
tollowing day 

Thus far we have tried tryptic débridement in over 1,200 applications and have had no 
untoward results. We are not sure we have always hastened the ordinary processes of repair, 
but we feel that we have today a very satisfactory agent for enzymatic débridement 

Dr. R. R. MarGutis, Detroit: We are at present investigating at the Henry Ford Hospital 


he effect of fibrinolysin administered intravenously. It is too early to draw any final conclusions 


regarding the effect and alterations this enzyme exerts on the various fractions participating 


the blood coagulations. A detailed report about this interesting problem will be given later 

| think both trypsin and fibrinolysin have a definite place in enzymatic débridement of 
surgical wounds and postoperative respiratory complications. We are 
trypsin in postoperative atelectasis. 


investigating the use of 





EFFECT OF DIRECT ANASTOMOSIS OF COMMON BILE 
DUCT TO DUODENUM 


Experimental Study 


ALFRED LARGE, M.D. 
DETROIT 


IRECT choledochoduodenostomy is not infrequently performed in patients 
who require common duct reconstruction, especially in those instances when 
the distal end of the common duct cannot be found. Although some regurgitation 
of the duodenal content into the biliary system is bound to occur after such an 
operation, the effect of this reflux may or may not be important, depending upon 
the degree of ascending cholangitis that develops. The experiment to be reported 


in this paper was undertaken in an attempt to determine the incidence and severity 


of ascending infection following elimination of the sphincter of Oddi from the 
extrahepatic biliary system. 
METHOD 


Mongrel dogs were used as experimental animals. At a preliminary operation the common 
bile duct was doubly ligated and cut across close to the duodenum (Fig. 1). One to three 
weeks later the abdomen was again opened, and the greatly dilated common bile duct (often 
the diameter of one’s finger) was anastomosed directly to the side of the duodenum. The 
anastomosis was performed with a single layer of interrupted fine cotton sutures, care being 
taken to approximate mucosa to mucosa (Fig. 1). The mortality following this second 
operation was considerable until it was realized that gas gangrene of the liver usually caused 
death. Massive doses of penicillin were then given postoperatively for several days to all 
animals, and an excellent survival rate resulted. 

he animals were kept under close observation and were reoperated on or killed at varying 
intervals The biliary tracts, including the anastomoses, were studied grossly and micro 


scopically, and liver sections were obtained for histologic study 


RESULTS 

Nineteen dogs recovered from the combined operative procedure. In one of 
these, operated on early in the series before the technique was well established, 
obstruction developed at the site of anastomosis postoperatively, and this dog is 
excluded from the series (Table 1); the anastomotic openings remained widely 
patent in the other 18 animals for the duration of the experiment. These 18 animals 
have been observed for periods up to one and one-half years after restoration of 
duct continuity, and the changes that occurred in their biliary passages form the 
basis for this communication. 
ee 

Read at the Ninth Annual Meeting of the Central Surgical Association, Toronto, Canada, 
March 7, 1952 

From the Department of Surgery, Wayne University College of Medicine, and the Fifth 
Surgical Service, Grace Hospital 
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Severe jaundice quickly developed after common duct ligation, then gradually 
subsided after the reconstruction operation, and did not recur to any recognizable 
degree in any of the animals. Spot checks of the serum bilirubin levels at varying 
intervals following the second operation revealed normal or only very slightly 
elevated values. 

In general, the dogs seemed fairly healthy and were moderately active, but they 
did not maintain or gain weight as well as might have been expected of perfectly 


normal dogs. Three of them gradually became lethargic and died (Table 2). 


\utopsy revealed suppurative cholangitis and peritonitis in each of the three. The 


bile ducts were filled with pure yellow pus. 


First 
‘= operation 











—————— 4 





Fig. 1.—Left, first operation. A, common duct doubly ligated and severed close to its 
junction with duodenum. B&B, two ends of severed duct tied together so that ligated duct would 
be easy to locate at second operation, 

Right, second operation: Simple mucosa to mucosa approximation using a single layer of 
interrupted fine cotton sutures. 4, beginning posterior suture line. B, posterior row completed, 
beginning anterior layer. Excellent healing with widely patent anastomosis obtained by 
this method. 


Tas_e 1.—Results of Choledochoduodenostomy 


Anastomosis widely 
Anastomosis closed 


TasLe 2.—Mortality Rate 


Death with suppurative cholangitis 
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Fig. 2—(a@) Liver, gall bladder, and ducts of normal dog used as control for comparisot 
with (/) Gross appearance of gall bladder, liver, bile ducts, and opened duodenum in animal 
killed tour months after anastomosis of common duct to duodenum. Marked thickening of 


gall-bladder wall and ducts is clearly evident. Large probe has been passed with ease through 
opened duodenum along anastomotic site to illustrate wide patency of anastomosis and free 


regurgitation that can occur 
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‘ 


Fig. 3.—(a) Gall-bladder wall of normal dog. Thin mucosa and delicate muscular coat are 
clearly visible. x 45. (b) Gall-bladder wall of dog four months after anastomosis of common 
duct to duodenum. Tremendous thickening of all coats is evident together with formation of 
lymph follicle in mucosa and cellular infiltration and fibrosis of all layers. « 45 
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Phe 15 remaining animals all showed moderate to severe chronic inflammatory 
changes in the extrahepatic biliary tract, including the gall bladder (Figs. 2 and 3), 


and mild to moderate pericholangitic infiltrations and fibrosis within the liver 
(Fig. 4). 


Fig. 3.—(c) Gall-bladder wall of dog eight months after anastomosis. Further thickening 
and fibrosis are obvious. Similar but less marked changes were observed in sections taken from 
common ducts of these animals. « 45 


TaBLe 3.—Results in Fifteen Surviving Animals 


Chronie infection, bile duets and gall bladder 
Coneretions in gall bladder 
Bile 

Abnormal 

Foul smelling 

Turbid 

White 


These inflammatory changes were evident one month after anastomosis of the 
duct to the duodenum, seemed to become more marked for five to six months, then 








Fig. 4.—Sections of several dog livers five months after anastomosis of duct to duodenum. 
x 90. (a) Pericholangitic fibrosis and cellular infiltration, moderate. (b) Cellular infiltration 
more marked and fibrosis not advanced to as great a degree as in a. 
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Fig. 4.—(c) Inflammatory process more acute with edema and polymorphonuclear infiltra 
tion. (d) Process very acute with miliary abscesses of liver in process of formation. 
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remain fairly stationary for the duration of the experiment, except that fibrosis 1 
the liver increased as time progressed. Bile from both the gall bladder and the ducts 
was grossly abnormal in all 15 animals. Cultures yielded mixed pathogens. Foul 
smelling, yellowish, or purulent bile was present in seven instances (Table 3 

Concretions formed in the gall bladder in 10 of 15 animals, an incidence of 
67%, and in one of these a stone had become impacted in the cystic duct and hy 
drops of the gall bladder was present. The composition and behavior of these 
concretions is being investigated further at present, since stones have not previ 
ously been found to form in a dog gall bladder so far as we have been able t 
determine. 


COMMENT 


The opening between the common duct and the duodenum remained widely 
patent in 18 of 19 animals, even in the presence of severe infection. This observation 
indicates clearly that simple suture with careful mucosal approximation and with- 
out the use of a splint of any kind is a satisfactory method of reconstruction of the 
common duct under the conditions of this experiment. 

Since a moderate to severe degree of cholangitis uniformly occurred in 18 
animals without any evidence of obstruction, direct regurgitation appears to be 
the method of development of the inflammatory changes which occurred. Recently, 
Grindlay and his associates ' have reported similar experiments in which the inci- 
dence of ascending infection was much less marked than in the present study. The 
gall bladders of their animals were removed early in the experiment, and other 
variations in the amount and degree of obstruction of the ducts prior to reanasto 


mosis also may account for the differences in their results and ours. The gall bladder 


wall and contents appeared to be more heavily infected than did the other biliary 


passages in our animals and thus may have acted as a focus for the spread ot 
infection. In any case the results obtained in our dogs were fairly constant, and 
this very constancy appears to be the most interesting feature of the experiment 
For it should be possible with animals prepared by this simple method to study and 
assess the value of different methods of treatment of chronic infection of the biliary 
tract. Such a project is now being undertaken. 

The anatomy of the extrahepatic biliary apparatus in the dog is very similar 
to that in man. The sphincter mechanism is the same; indeed, the only real differ- 
ence in the entire system is the manner in which the pancreatic ducts empty into 
the duodenum, a variation of no importance so far as the present study is concerned. 
It would therefore seem reasonable to expect that direct anastomosis of the common 
duct to the duodenum in patients also would be associated with an appreciable 
degree of ascending infection. 


SUMMARY AND CONCLUSIONS 


Direct anastomosis of the obstructed common bile duct to the duodenum was 
performed successfully in 19 dogs. Obstruction occurred postoperatively at the 
anastomotic site in one animal. 


1. Musgrove, J. E.; Grindlay, J. H., and Karlson, A. G.: Intestinal-Biliary Reflux After 
Anastomosis of Common Duct to Duodenum or Jejunum: Experimental Study, A. M. A 
Arch. Surg. 64:579-589 (May) 1952. 
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The 18 animals with widely patent anastomoses were observed for periods of 
to 18 months. Moderate to severe chronic inflammatory changes were present 
in the extrahepatic biliary apparatus of every animal. Thick purulent bile occurred 
irequently, and concretions formed in the gall bladders of over half the animals. 
Liver damage frequently was present. 

This experiment emphasizes the value of the sphincter of Oddi in preventing 
regurgitation and infection in the biliary passages. It is suggested that duct recon- 
struction in patients be performed in such a manner as to preserve this sphincter 
if possible, or at least to substitute some other means of prevention of regurgitation 


the normal sphincteric mechanism has been destroyed. 


DISCUSSION 

GRINDLAY, Rochester: [ think the importance of Dr. Large’s study is that 
experimental technique which demonstrates that cholangitis can result even 
a widely open anastomosis. I don’t think his work necessarily indicates, however, 
reflux is automatically the only other cause of cholangitis; at least, in other experiments 
I believe we have obtained better results than he did. His method of obstruction of the 
in which the gall bladder was not removed and the common duct was divided, 

ly the reason for his results 
Dr. Large has referred to a study that Dr. Musgrove did with us, a study recently reported. 


‘Ve compared anastomoses to the side of the duodenum, the side of the jejunum, and a Roux-Y 


results in these experiments were considerably better than in Dr. Large’s. There 


es of biliary cirrhosis in about half the dogs, but on the whole they all did 


ould like to speak of another study which we did several years ago. The differ- 

our study and Dr. Large’s is that we removed the gall bladder and injured the 
way which caused a stricture to develop at the first operation. Six weeks later, when 
frequently were jaundiced (they all lost weight and had elevated serum bilirubins), 
the end of the duct above the stricture to the side of the duodenum. I think 


| 
sed 


we used a molded polyethylene tube splint was a help. However, the tubes were 
w months and weren't in place when exploration was done 6 to 12 months 
ilter Operation 

Phis slide is out-of-date. The dogs were finally killed, from two and one-half to three and 
me-half years later. Two more dogs were in this series, making a total of 10. There were two 
logs with end-to-end anastomoses and eight with end-to-side anastomoses. Two dogs had mild 
or, at the worst, moderate degrees of cholangitis and some biliary cirrhosis. Both were in 
good condition otherwise. The other dogs had dilated intrahepatic ducts but only minimal 
histologic evidence of cholangitis 

Dr. Cuartes G. Jounston, Detroit: | am interested in this presentation by Dr. Large. As 
you will note, Dr. Large first produced an obstruction with attendant dilatation of the ducts. 
lhis procedure is quite logical because obstruction with dilatation of the ducts is the commonest 
situation we find when it is necessary to anastomose the common biliary duct to the duodenum. 

In this instance the dilatation of the duct not only extends up to the liver, but, as Dr. Large 
ntimated, goes well into the liver. This has been well shown, namely, that the dilatation of the 
duct goes even to the finer radicals. 

Phere has been a great deal of controversy as to whether cholangitis would ensue in cases 
in which there was good drainage, that is, a wide-open stoma, such as Dr. Large has made, 
x those in which constriction was present. Obviously, a wide-open, dilated duct with poor 
emptying would favor cholangitis. Similarly, if the duct is wide open, so that material from 
the intestinal tract can get up into it, the problem of contamination is also presented. 

Stasis in either instance is present because of the great dilatation of the duct, and a duct so 
large and so fixed, as is usual in long-standing obstructive jaundice, does not empty well despite 


its wide caliber. 
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These cases have caused a great deal of trouble because when a reconstruction has to be done, 
we all too frequently correct the site of the obstruction but burden the patient with repeated 
attacks of cholangitis, which sometimes are more difficult for him to handle than the obstructive 
aundice 

We preter the Roux-Y type of anastomosis, with a wide-open drainage, but even here, I 
think, one must consider that the patient’s common duct is damaged, that the damage does not 
xtend into the common duct only but also into the radicals of the liver, and therefore it is 


incumbent upon one to protect the common duct from contamination as much as possible That 
| 


ig One reason that we prefer a Roux-Y anastomosis, wit 
contents from backing up through it 


enough length to prevent the intestinal 


I doubt whether we can get 100% good results with these patients, in terms of preventing 
iolangitis, because the damage, that is, dilatation of the common duct and smaller radicals, 
is very slow to return toward normal. As you see, in these cases, despite the wide drainage, 


there was still seen extensive dilatation of the duct high uf 


Dr. Joun T. ReEyNotDs, Chicago: The results of experiments such as the caretully con 


trolled ones which Dr. Large has presented are essential if we are to formulate any definite 
premise regarding the proper treatment for complicated common duct cases. I am _ thinking 
particularly of those cases in which there is sludge or sediment in the common duct. At present 
it is difficult to know whether or not treatment in such cases should be by repeated commor 
luct drainage or by deliberate division of the duct with reconstruction. In my experience witl 
two such cases, the reconstruction of the duct has been satisfactory (the Roux-Y procedure was 
ised). 

| should like to ask Dr. Large if he has conducted a similar series of experiments 11 
the dog’s gall bladder had previously been removed. Dr. Jacques Lasner.has suggested 
perhaps the conditions in the dog may not pertain to man, simply because the dog walks on all 
iours. In man the upright position may promote drainage, while the position in the dog on all 
fours may more readily allow entrance of gastrointestinal material into the new choledochoduo 
lenal opening 

Dr. ALFRED LARGE, Detroit: We haven't done any of these experiments with animals that 
have had their gall bladders removed, but the infection has seemed to be more marked in the 
gall bladder than elsewhere, and perhaps it does act as a focus. 

With regard to Dr. Reynolds’ other question, I don’t know why our results differ from those 
if others. Perhaps one point is that some of our animals may have eaten their own I 


fancy that if they do so in Detroit they will do it elsewhere as weil. 





CHRONIC PANCREATITIS TREATED BY ROUX TYPE JEJUNAL 
ANASTOMOSIS TO THE BILIARY TRACT 


PHILIP F. PARTINGTON, M.D. 
CLEVELAND 


RCHIBALD discovered that transduodenal section of the sphincter of Oddi for 

the removal of a stone impacted in the ampulla of Vater caused improvement 

in coexisting chronic pancreatitis. This led Doubilet and Mulholland to undertake 
sphincterotomy as a method of treatment of pancreatitis. Palliative bypass of cancer 
of the head of the pancreas, done for many years by anastomosis of the gall bladder 


to the stomach, duodenum, or jejunum, produced 15% five-year survivals in cases 


which Walters! said must be assumed to have been inflammatory. The present 


paper advocates such a bypass by means of a Roux-Y segment of jejunum as 
definitive treatment for chronic recurring pancreatitis. 

Since the original work of Opie * in 1901, there have been many champions of 
the theory that pancreatitis is produced by a reflux of bile into the pancreatic duct 
as a result of a stone impacted in the ampulla of Vater, Opinions concerning a 
“common channel” have varied greatly from that of Mann and Giordano,* who felt 
that a stone could produce such a channel in only 3.5(¢ of cases to that of Westphal, 
who felt that a common pathway was present in 84% of cases. Mann and Giordano 
found a junction of the two ducts proximal to the tip of the papilla of Vater in 65° 
of cases. They reasoned that a calculus would have to be 4 mm. in diameter to 
hecome impacted and so would block both ducts rather than produce a “common 
channel” unless the ducts joined more than 4 mm. from the apex of the papilla. They 
discounted the presence of a papillary sphincter capable of producing a continuous 
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pathway. Partington and Sachs * demonstrated a common channel in over 30% 
of 150 routine operative cholangiograms. They stated that this did not represent 
the full number of anatomical possibilities, since the pancreatic duct could be visual- 
ized in some cases only when intraductal pressures of over 400 mm. of bile were 
produced by causing spasm of the sphincter of Oddi. This was not done routinely. 

Various surgical approaches have been advocated in the treatment of chronic 
recurring pancreatitis. Doubilet and Mulholland,’ while subscribing to the reflux 
theory, recognized spasm of the sphincter of Oddi as the chief etiologic factor. They 
corrected this by sphincterotomy, with excellent clinical results. McCleery, Kester- 
son, and Schaffarzick ° attacked the spasm of the sphincter of Oddi by vagotomy im 
11 patients with good results. Others, including Dragstedt, have been dissatistied 
with vagotomy in the treatment of chronic pancreatitis. Bowers * and Greenfield 
accomplished an absolute shunting of the bile away from the pancreas by a Roux-Y 
choledochojejunostomy with good results in six cases. In discussing Bowers’ report 
of this work, Poth * stated that he had employed the Roux-Y drainage of the biliary 
tract in five cases of chronic pancreatitis, using a choledochojejunostomy in one 
case and a cholecystojejunostomy in four others with good results. Thoracolumbar 
sympathectomy, as described by Smithwich and others, has been advocated not only 


for the relief of pancreatic pain but as definitive treatment of the disease. Both 


Waugh ® and Whipple have warned that this procedure might interfere with the 


diagnosis of pancreatic abscess in the active stage of the disease. Whipple '® has 


advocated partial or total pancreatectomy for certain cases of chronic pancreatitis 


with severe pain and calcareous deposits. 


METHODS 


Both choledochojejunostomy and cholecystojejunostomy were used in the present study 
Operative cholangiograms served as the basis for the choice of operative procedure. In five 
cases, a Roux-Y loop of jejunum 18 to 20 in. (46 to 51 cm.) in length was brought up posterior 
to the colon to the right of the middle colic vessels and anastomosed end to end to the fundus 
of the gall bladder. Intestinal continuity was reestablished by an end-to-side jejunojejunostomy. 
No drainage of the biliary tract was employed. 

In two cases with previous cholecystectomy, the common duct was divided and the proximal 
end anastomosed end to end to a Roux-Y segment of jejunum over a T-tube. The T-tubes were 
left in place for approximately one month postoperatively. 

——— 
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RESULTS 

The results in the 5 cases with cholecystojejunostomy and the 2 cases with 
choledochojejunostomy have been summarized in the Table. 

\s reported by Bowers, the hopeless alcoholics may continue to have occasional 
attacks of epigastric and right upper quadrant pain associated with drinking bouts 
The significance of these attacks is not entirely clear since the patients do not have 
fever, elevated white blood cell counts, or a rise in their serum amylase. They usually 
respond promptly to a bland diet with atropine and run a very different course from 


their previous attacks of pancreatitis 


REPORT OF CASES 


Case 2 \ 37-year-old white man gave a history of several previous hospital admissions 


during two and one-half years for jaundice, clay-colored stools, and mild right upper quadrant 


Summary of Data 


Duration 
of Dis Previous 
ease, Mo Surgery Operation Result 
None Choleeysto , Occasional attacks of 
jejunostomy right upper quadrant 
7/31/51 pain with drinking 
bouts; amylase normal 
Cholecystectomy, Choledocho Asymptomatic; working 
choledochostomy jejunostomy 
2/8/49 9/28/50 
Cholecystectomy Choleeysto Asymptomatic; working 
for acute hemor- jelunostomy 
rhagie pancreatitis 3/26/51 
9 48 
None Cholecysto j No attacks of abdom- 
jejunostomy inal pain 
8/13/51 
Cholecystectomy, Choledocho ) No further abdominal 
drainage of pseudo jejunostomy pain; weight back to 
eyst 1/5/00 9/7/51 normal 
Drainage of pseudo Choleeysto Gaining weight; much 
eyst 5 49; resec jejunostomy improved 
tion tail of pan 1010/51 
creas, pseudocyst 
8/31/50 
Exploratory lapa Cholecysto 3 One attack of right 
rotomy 6/../51: jejunostomy upper quadrant pain 
acute pancreatitis 10/30/51 with drinking bout; 
amylase normal 


pain diagnosed as recurrent acute hepatitis. On admission, the pain was severer, and laboratory 
findings were consistent with obstructive jaundice. Exploration revealed chronic pancreatitis 
obstructing the terminal common duct (Fig. 1.4), and cholecystectomy and choledochostomy 
were performed. The T-tube was accidentally removed two weeks after operation, and on 
reinsertion the lower arm of the tube eroded into the duodenum, bypassing the terminal common 
duct (Fig. 1B). Because of crampy upper abdominal pain, anastomosis of the common duct t 
a Roux-Y segment of jejunum was performed 19 months later. After a stormy postoperative 
course with wound infection, the patient gained 25 Ib. (11.3 kg.) and returned to work feeling 
well, There have been only a few minor attacks of pain during a follow-up period of 18 months. 


Cholangiograms taken after the choledochojejunostomy show complete occlusion 


of the terminal common duct (Fig. 1C). The gall bladder was relatively normal 
when it was removed, at the first operation. If it had been used for anastomosis 
to a Roux-Y segment of jejunum at that time, the patient might have avoided 
several hazardous operations and 19 months of recurring pain. 
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Fig. 1—A, operative cholangiogram showing a dilated biliary tree 
and narrowing of the pancreatic portion of the common duct. B 
through a T-tube, showing narrowing and angulation of the common duct, calcification in the 
head of the pancreas, and spasm of the sphincter of Oddi. The distal arm of the T-tube is in 
the duodenum. C, postoperative cholangiogram following a 
The pancreatic portion of the common duct is obliterated. (4 and B are reproduced with the 
permission of Williams & Wilkins Company from Partington and Sachs.*) 


proximal to angulation 
postoperative cholangiogran 


Roux-Y choledochojejunostomy 
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Case 5.—A 44-year-old white man with a 10-year history of chronic alcoholism aggravated 
by a 3-week drinking bout entered the hospital with sudden right upper quadrant pain radiating 
to the back and right shoulder. There was a mass in the right epigastrium extending to the 
umbilicus, and the serum amylase was 7.5 mg. per 100 cc. (normal up to 2 mg.), rising to 15.5 
mg. per 100 cc. At operation, the head of the pancreas was indurated, and there was a large 
sseudocyst in the body of the pancreas. An operative cholangiogram showed marked narrowing 
ind displacement of the pancreatic portion of the common duct with spasm of the sphincter of 
Oddi (Fig. 2.4). The pseudocyst was drained, the gall bladder removed, and the common duct 
lrained for six months; then there followed recurrence of right upper quadrant pain radiating 

the left shoulder, with nausea, vomiting, and acholic stools 

\ choledochojejunostomy was performed to a Roux-Y segment of jejunum through a 


oracoabdominal approach (Fig. 2B). Convalescence was complicated by a hemothorax, and 


A 


a 


» 


Fig. 2 1, operative cholangiogram through a T-tube showing narrowing and displacement 

the pancreatic portion of the common duct, calcification in the head of the pancreas, and 
spasm of the sphincter of Oddi (reproduced with the permission of Williams & Wilkins Com- 
pany from Partington and Sachs‘). B, postoperative cholangiogram following a Roux-Y 
holedochojejunostomy 


serum amylase remained slightly elevated in spite of symptomatic improvement. In the five 
months since operation, the patient has had no further abdominal pain or jaundice. He is eating 
i regular diet and has regained his normal weight. He is still bothered by pain where the scar 
rosses the costal margin 


This patient should have had the gall bladder anastomosed to the jejunum at the 


original operation, since there was marked narrowing of the pancreatic portion of 


the common duct with calcification in the head of the pancreas. The narrowing of 
the common duct failed to improve during the 20-month period of observation. 


Case 6.—A 34-year-old white man entered the hospital with left upper quadrant and left 


lest pain associated with jaundice two months after the repair of a perforated gastric ulcer 


c} 
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\ left subphrenic collection was drained through the chest, and a retrogastric pseudocyst 
the pancreas was drained abdominally. The serum amylase level was 2.2 mg. per 100 cc. Fifteet 
months later, an exploratory operation was performed because of severe left upper quadrant 
pain radiating to the left shoulder associated with a serum amylase of 4.1 mg. per 100 ce. A 
large pseudocyst was removed together with the spleen and the left half of the pancreas. The 
remaining pancreas appeared and felt normal. The left-sided pain continued, and one year after 
operation there was the onset of a deep epigastric and right upper quadrant pain associated witl 
light stools, dark urine, and loss of 23 lb. (10.4 kg.) in a month. Exploration revealed a mass 
in the head of the pancreas, and the operative cholangiogram showed marked narrowing of the 
pancreatic portion of the common duct with proximal dilatation (Fig. 3). Cholecystojejunostomy 
was performed, a Roux-Y segment of jejunum being used. Postoperatively, there was still 
some left upper quadrant pain, but the patient was much improved and gained 12 lb. (5.4 ke 
in two weeks. There has been continued improvement in the four months since operation 


Fig. 3.—Operative cholangiogram showing narrowing and angulation of the pancreatic pot 
tion of the common duct, with spasm of the sphincter of Oddi 





This man demonstrated pseudocyst in both the body and the tail of the pancrea- 
and later involvement of the head of the pancreas, with narrowing of the commot 
duct. It is possible that his peptic ulcer acted as the etiologic agent producing spasn 
of the sphincter of Oddi. The gall bladder remained thin-walled and normal through 
out the course of the pancreatitis. 

COMMENT 

If spasm of the sphincter of Oddi is accepted as the chief etiologic agent in the 
production of chronic recurring pancreatitis, many of the apparent discrepancies 
regarding the etiologic factors in this disease can be reconciled. There is too much 


evidence against a common pathway being present in all cases to believe that a 


reflux of bile into the pancreatic duct is necessary. A recent postmortem cholangio 
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vyram done by injection into the common duct did not visualize the pancreatic duct 
in a patient dying of pancreatitis. Subsequent injection of the pancreatic duct and 
dissection demonstrated a septum running to the tip of the papilla (Fig. 4). Lium 
and Maddock '! demonstrated experimentally that occlusion of the pancreatic duct 
alone could produce pancreatitis with an actively functioning gland. Occlusion of 
the main pancreatic duct can be produced by spasm of the sphincter of Oddi. Even 


12 showed 


when a septum separated the pancreatic from the common duct, Baldwin 
that the two ducts entered the duodenum side by side through the same papilla, 


except in a very few instances. Spasm of the sphineter of Oddi is produced in a 


Fig. 4—Postmortem cholangiogram of patient who died of pancreatitis. Separate injection 
i pancreatic and common ducts showed moderate dilation of both, narrowing in region of 
sphincter of Oddi, and septum separating ducts (reproduced with permission of Williams. & 
Wilkins Company from Partington and Sachs *). 


variety of conditions, including biliary tract disease, peptic ulcer, and psychogenic 


disturbances. Various observers have weighed the importance of these factors 


differently. 

Most of the surgical methods of treating chronic pancreatitis depend upon relief 
f spasm of the sphincter of Oddi whether it is achieved by cutting the sphincter, 
denervating it by vagotomy, or removing the inciting cause of the spasm by chole- 
cystectomy, subtotal gastric resection, or a short-circuiting procedure. Cholecysto- 

11. Lium, R., and Maddock, S.: Etiology of Acute Pancreatitis: Experimental Study, 
Surgery 24:593, 1948. 

12. Baldwin, W. M.: The Pancreatic Ducts in Man, Together with a Study of the Micro- 
scopical Structure of the Minor Duodenal Papilla, Anat. Rec. 5:197, 1911. 





PARTINGTON—CHRONIC PANCREATITIS 39 


jejunostomy and choledochojejunostomy both prevent a rise in common duct 
pressure, which is a potent reflex agent for throwing the sphincter into spasm 
and maintaining the spasm once it is produced. These operations likewise permit 
a short-circuiting of the bile, so that pancreatic juice is allowed full use of a reduced 
common pathway when one is present. 

Cholecystojejunostomy is a much simpler procedure than choledochojejunostomy 
when a fairly normal gall bladder is present, and there is less chance of stenosis of 
the anastomosis. Sphincterotomy is difficult in some cases of pancreatitis with 
marked angulation and narrowing of the pancreatic portion of the common duct. 
here is always the possibility that this narrowed portion may become completely 
obliterated, as in one of the cases presented. 

The period of follow-up of the present series of cases is much too short for valid 
conclusions in a chronic recurring disease of this sort. Freedom from attacks for 
even a short time is highly encouraging, however, in certain severe cases in which 
multiple previous operations had failed to relieve almost constant pain. Chronic 
alcoholism apparently predisposes to a continuation of painful attacks of greatly 
reduced severity. 

SUMMARY 

1. In seven cases severe chronic recurring pancreatitis was treated by Roux- 
type jejunal anastomosis to the biliary tract: in five by cholecystojejunostomy, and 
in two by choledochojejunostomy. 

2. Spasm of the sphincter of Oddi was considered to be the chief etiologic agent 
in the production of this disease, since it obstructed the main pancreatic duct 
whether or not a “common pathway” was present. 

3. Results in the seven cases with a follow-up period of up to 20 months were 
encouraging. The chronic alcoholics continued to have occasional attacks of mild 
right upper quadrant pain with drinking bouts. 


4. This type of operation is particularly useful when the head of the pancreas 


is involved, resulting in narrowing, distortion, and possible eventual occlusion of 
the pancreatic portion of the common duct. 


DISCUSSION 

Dr. Vinton E. Srier, Cincinnati, Ohio: As a disease entity, chronic pancreatitis is 
characterized by recurrent attacks of pain in the upper abdomen, by disturbance of parenchym- 
atous cell function, and by rather specific sequelae—a syndrome which may be limited to the 
pancreas alone or may be associated with disease of the biliary or gastrointestinal tract. Attention 
has been devoted to the pathologic findings of marked interstitial fibrosis and residual cystic 
necroses of tissue, as being characteristic of chronic pancreatitis. 

There are several indications for surgical intervention in chronic pancreatitis. Chronic 
duodenal obstruction must be corrected by duodenojejunostomy or gastroenterostomy. Occasion- 
ally, partial pancreatectomy may be required to correct the obstruction. Chronic obstruction of 
the common bile duct requires correction by cholecystogastrostomy, cholecystojejunostomy, 
choledochoduodenostomy, or choledochojejunostomy with the Roux-Y method. Pancreatic 
abscess, single or multiple, requires external drainage. Pancreatic cysts should be drained, 
either by marsupialization to the exterior or by internal drainage into the stomach, duodenum, 
or jejunum. Gastric hemorrhage may require subtotal gastrectomy. Pancreatic abscess arising 
from a penetrating peptic ulcer may require subtotal gastric resection combined with partial 
pancreatectomy. Single pancreatic calculus obstructing the duct of Wirsung near the duodenum 


is rare and may be corrected by pancreatolithotomy. Multiple pancreatic calculi are common, 
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and, if they produce chronic disability with severe pain and dyspepsia, partial and even total 
pancreatectomy may be required. If the symptom of pain is not relieved by these procedures, 
either thoracolumbar sympathectomy or vagotomy, or both, may be indicated. 

Dr. Partington selected a specific group of cases which were submitted to cholecyst: 
jejunostomy or choledochojejunostomy with the Roux-Y technique. A very excellent scientific 
method was employed in his selection of patients. The cholangiograms served as the basis for 
the choice of the operative procedure. I am in complete agreement with Dr. Partington that 
spasm of the sphincter of Oddi is probably the chief etiologic agent in the production of chronic 
pancreatitis 

In our clinic we have been reluctant to do blind sphincterotomy and have questioned the 
advisability of doing direct sphincterotomy by a transduodenal approach for the treatment of 
chronic pancreatitis. In addition, | concur with Dr. Partington regarding the relationship 
between the intraductal pressure of the pancreas and the extrahepatic biliary tract. Recent 
experiments on dogs in our laboratory indicate that the intraductal pancreatic pressure gradually 
rises to levels tar above normal in association with the fibrosis and parenchymatous distortion 
of this organ, which simulates chronic pancreatitis. As a matter of fact, in these experiments the 
pancreatic intraductal pressure exceeded the common bile duct pressure. This experimental 
evidence perhaps explains the persistence of extrahepatic biliary tract pathology, cholecystitis 


and cholangitis in patients who suffer chronic pancreatitis and who demonstrate the phenomenon 


of a “common channel.” Moreover, fibrosis of the common bile duct, with a narrowing of its 
lumen, might be explained on this basis, rather than by the effect of pericholedochitis alone. 

As the pieces of the jigsaw puzzle are assembled in chronic pancreatitis, bypassing the 
biliary secretion to the jejunum by the Roux-Y method should solve many of the difficulties 
encountered in this syndrome. This is true, whether the basis for the difficulty is due to spasm 
of the sphincter of Oddi or to partial obstruction of the pancreatic portion of the common bile 
duct. The results on seven patients reported by Dr. Partington tends to support this thesis 
All of us agree that longer follow-up periods will be required in conjunction with a larger 
series of patients before definite final conclusions can be drawn. Dr. Partington has used a 
scientific approach in the selection of these patients and has advocated a very important 
technique for the correction of a bewildering and difficult syndrome. 

Dk. James T. PritstLey, Rochester, Minn.: My associates and [I have been interested in 
chronic recurring pancreatitis for some time. It is a baffling condition in many respects 

I think it is true that certain patients with this condition can be relieved with any one of a 
variety of surgical procedures. However, I think it is equally true that there is no single 
procedure, at least in my experience, which will give complete relief to all patients over a time 

\s emphasized previously, this is a recurring disease, and a follow-up of a minimum of five 
years is needed before any procedure can be accurately evaluated. 

[ also think it is important to have in mind a fairly clear idea of the type of case being 
discussed when treatment is mentioned. For example, in the past we have used external biliary 
drainage, prolonged drainage with a T-tube, of from six months to a year and a half in the 
uncomplicated type of case—that in which there are recurring attacks of severe pain but ne 
pain in between attacks 

Over a period of approximately five years, in roughly two-thirds of these cases there has 
been almost complete relief, and in another 15% there has been partial relief. In contrast, we 
have used internal biliary drainage in the complicated type of case—that in which an internal 
or external pancreatic insufficiency, a pseudocyst associated with pancreatitis, or possibly cal 
cification in the parenchyma is present. The results in this series of cases have not been so 
satistactory as in the earlier series 

At present we are using transduodenal sphincterotomy more frequently in both these groups, 
with the long limb of the T-tube being passed down into the duodenum to help maintain an 
adequate lumen at the sphincter region. It has not been our experience clinically that a Roux-Y 
type of anastomosis is needed in making a biliary intestinal anastomosis. I believe anyone 
can see the physiologic soundness of this procedure. However, from a clinical point of view, it 
has been our experience that cholangitis from intestinal reflux has been a very rare occurrence 
if the side-to-side stoma established between the biliary tract and the intestinal tract has 
remained adequat 
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For the patient who has the end-result of recurring pancreatitis, namely, far-advanced 

chronic pancreatitis with extensive changes in the gland and constant pain, there has been no 

treatment that I know of, possibly short of total pancreatectomy, which has given satisfactory 
results over a period of years 

The early results for a year or two after bilateral splanchnicectomy, and perhaps a more 

extensive nerve-cutting operation, were encouraging. 


As time has gone by, however, a majority 
f those patients we have seen have had recurrences of their pain. Whether such recurrence ts 
on a basis of organic disease primarily or functional disorder, it is, of course, difficult to say 


Dr. Ropert M. Zoviincer, Columbus, Ohio: As Dr. Priestley pointed out, one must 
have a variety of operations at one’s command in order to treat properly the particular condition 
which one finds at exploration. Dr. Priestley has called this to our attention in his 


recent 
editorial in Surgery, Gynecology & Obstetrics. 


[Slide] Since everyone has his own pet operation, I will show you one we are trying out 
We have adhered to the theory of trying to put the pancreas at rest by decreasing the 
stimuli responsible for initiating the external pancreatic secretion. This requires a decrease 
in the production of gastric secretion by cutting down the production of hydrochloric acid in 
the stomach. We have sought to achieve this by vagotomy and removal of the antrum, with 
at least a 50 to 60% resection of the stomach. Thus, there is the added inhibitory effect of 
vagotomy on the pancreas and its probably relaxing effect on the sphincter of Oddi 

Since many of these patients were in a poor nutritional state (two of our patients weighed 
less than 95 Ib. [43 kg.] each), they were treated with the Billroth I type of anastomosis. It 
is our hope that reconstruction in normal continuity would insure better fat absorption and a 
more substantial gain in weight than bypassing the duodenum with a radical Polya or Hof 
meister resection. When the head of the pancreas is greatly enlarged, the Billroth I procedure 
is thought to be inadvisable, and a Billroth II procedure is done instead 


[Slide] This next slide shows such a procedure which was carried out because of a tremend- 
ously swollen pancreas filled with calculi. The common duct was obstructed. This was also 
a poor-risk patient; therefore we felt justified in performing a cholecystoduodenostomy 

The results have been very encouraging. Eventually this approach can be compared with the 
other procedures to determine what permanent results surgery has to offer these patients. 
Perhaps when we meet here 10 years from now, we can have a session to see who has done the 
best thing for these raiserable patients. 


Dr. FREDERICK M. Owens Jr., St. Paul: We have done a number of studies on patients 
with pancreatitis in an attempt to determine whether or not methantheline (banthine®) bromide 
has had any effect on the sphincter of Oddi. With methantheline bromide, given either orally 
or parenterally, we have been unable to effect any relaxation of the sphincter of Oddi. We 
studied these patients because of the reports of vagotomy and the results of vagotomy in 
pancreatitis because of Mallet-Guy’s work in France 

We have done three transplants of the duct of Wirsung in patients with pancreatitis, in whom 
the distal portion of the common duct has been reasonably patent—patent enough so that we felt 
there was no interference with the outflow of bile. Two of those patients have been completely 
free of symptoms for two years. One patient has been symptom free for a year and a half, and 
the anastomosis has been occluded. He has steatorrhea but no longer any pancreatic pain 
Two other patients have undergone duct ligation; they have been improved but are not free 
of their symptoms. 


The reason we have undertaken transplantation of the duct of Wirsung is that, as has been 


discussed, we were afraid of the problem of cholangitis following transplantation of the common 
duct. 
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“THERE will probably never be complete agreement in determining the criteria 
for spine fusion following removal of the herniated disc. Caldwell and Shep- 


pard' reported an end-result study of 151 laminectomies. In 90% of 75 patients 


with disc excision without fusion who returned for follow-up results were rated as 
good. On the other hand, Farrell and MacCracken * concluded that “the majority 
of the cases of protruding intervertebral disc can be relieved by fusion alone.” Their 
opinion was based on a review of spine fusions which had been performed prior to 
the demonstration of the role of disc lesions by Mixter and Barr.* Compere’s * 
experience has been that the removal of an intervertebral dise will invariably be 
followed in one to five years by the development of hypertrophic changes. He points 
out that spine fusion one or more years after disc removal is more difficult to per- 
form because of scar tissue. He also believes that delayed fusion is less likely to 
result in maximum relief from the low-back pain. Thus, one can see that no 
unanimity of thought prevails. 

We feel that the neurosurgeon and the orthopedic surgeon should work as a 
team to determine the procedure of choice in each case. Some patients will obtain 
maximum relief with a simple excision of the herniated nucleus, whereas others 
will do best if only a simultaneous disc removal and fusion are performed. The 
following indications and contraindications have been adhered to in this series of 
100 spine fusions which we have performed. 

I. Indications for fusion 
1. Mechanical defect 
(a) Congenital anomalies such as spondylolisthesis and partial sacralization of the 
fifth lumbar vertebra 
(b) Marked asymmetry of the facets. 
(c) Local hypertrophic changes or sclerosis of the bodies or facets. 
een 
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Instability. Hypermobility of the segments may be shown by 
extension x-rays. 


preoperative flexion 


Long-term recurrent backache. This suggests decompensation of low-back 


stability 
and is usually related to mechanical factors. 

Occupation. Heavy labor requires stabilization of the defective interspace to relieve 
or prevent eventual low-back pain. 

Age. A young person in whom indications for spine fusion are present is more in need 
of such a procedure than is an older person. 


II. Contraindications 


1. Acute rupture with no mechanical defect. A first attack of disc symptoms may respond 
very well to excision alone. This is especially true when the leg symptoms predominate 


and there is little or no back pain 


2. Age. In older patients, especially if there is much evidence of widespread disc degen- 
eration, fusion is contraindicated. Stabilization of one segment may result in symptoms 
at another level. 


3. Generalized disc degeneration. This is frequently associated with extensive arthritis 


osteomalacia, and osteoporosis, and in the older age groups as mentioned above. 
4. Medical risks. There are patients whose symptomatology requires an exploration but 
who cannot be expected safely to withstand additional surgery 
5. Emotional instability. The intelligence, insight, and personality of the 
important though often difficult to evaluate. Psychosomatic tendencies militate against 
surgery, particularly fusion, unless it is strongly indicated. 


individual aré 


Patients with such tenden 


cies do not easily tolerate the convalescence following fusion. It is often beneficial t 


obtain psychiatric consultation before submitting such a patient to surgery 
The necessity for fusion is usually determined prior to surgery, but in some 
cases this decision can be made only when the vertebrae are exposed and the neuro 
surgical procedure has been completed. We have used the following as a guide: 
1. Hypermobility of a vertebra. The spine of each vertebra concerned is grasped and its 
range of free motion demonstrated. This maneuver must be performed before the 
capsules of the articular facets are entered; otherwise a false range of motion will be 


elicited. Motion in excess of that demonstrated by the next vertebra 


above is con- 
sidered abnormal in the lumbar region. 


2, Localized arthritis. This may be present in the articular facets and not demonstrated 
roentgenographically 
Congenital anomaly. This may not be visualized before surgery but will contribute t 
mechanical instability 


Facet compromised. Occasionally the neurosurgeon in developing exposure removes 
the articular capsule or part of the facet. As a result a painful arthritis may develop 
unless fusion is performed, 


Disc space entered and no disc found. The three-point balance of dise and facets 
suddenly upset and may result in a painful mechanical readjustment 


Contrary to general opinion, we feel that the more limited the fusion, the better 
the result. Fusion of the space from which the disc has been removed is all that 
is usually indicated. For example, if a disc is removed between the fourth and fifth 


vertebrae, and the local bone pathology is at that level, these vertebrae should be 


fused, but fusion need not be carried down to the sacrum. However, if instability 


or a local mechanical defect involves this segment, it should be included in the 
fusion. In many cases of lumbar fusion for fractures, tuberculosis, and scoliosis the 
lumbosacral joint is not fused, with no untoward result. The normal lumbosacral 
joint will remain asymptomatic. 
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The “HH” graft, which has also been called the clothespin graft, the self-locking 
prop bone grait, the double fishtail graft, and the double notched graft, was described 
by Gibson * in 1931, and was independently developed by Bosworth.® Many sur- 
eons formerly used tibial bone to form the “H” graft. This was especially true 


vhen more than three vertebrae were to be fused. However, Abbott and his asso 
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big. 2.—Oblique view of pelvis with structural relationships. The iliopsoas, which is not 


visualized at surgery, has been partially removed here to show the course of the lateral femoral 
cutaneous nerve. Excessive traction in this region can cause paresthesia of this nerve. 


5. Gibson, A \ Modified Technique for Spinal Fusion, Surg., Gynec. & Obst. 58:365-369 
Sept.) 1931 
6 Bosworth, D. M Clothespin or Inclusion Graft for Spondylolisthesis or Laminal 
Defects of the Lumbar Spine, Surg., Gynec. & Obst. 75:593-598 (Nov.) 1942; Clothespin Graft 
t the Spine for Spondylolisthesis and Laminal Defects, Am. J. Surg. 67:61-67 (Jan.) 1945. 
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ciates * have demonstrated the advantages of cancellous bone as a grafting material 
The ilium offers not only a nearby abundant source of cancellous bone but a cortical 
grait with a gentle, desirable concavity as well. Previously, the outer table of the 
posterior wing of the ilium and occasionally both tables were used. Transient local 
pain in every case and discomfort for several months in a significant number of 
others have led us to the exclusive use of the inner iliac table during the past three 
years 
rECH NIQUE 
The patient is placed in a prone position with the thighs flexed about 70 degrees and the 


lumbar region flat. In a fusion of the fourth lumbar to the first sacral vertebra, a midline skin 


incision is made from the third lumbar to the third sacral vertebra. The spines and laminae of 


Bone CHiPs 
(Hiee's Te cHnwque) 


RETRACTOR 


y~ 


Fig. 3.—Anteroposterior and lateral view of the fusion site prior to placement of the “H” 
graft. The fusion bed is formed by multiple small cortical bone chips as described by Hibbs 
Che spines of the vertebrae to be fused are notched to receive the “H” graft 


the fourth and fitth lumbar and first and second sacral vertebrae are cleared of their muscular 
and ligamentous attachments in the usual manner. The cephalad half of the spinous process of 
the vertebra above the fusion area remains attached to soft tissue but the caudad half is 
obliquely removed to prevent possible encroachment on the fusion mass. The capsules and 
articular cartilages of the apophyses are then removed with a curette and offset chisel. The 
fusion site is packed with sponges while the iliac donor bone is removed. The graft is obtained 
before the dise exploration so it can be cleaned and shaped while the neurosurgical team is 
operating 
aaa 

7. Abbott, L. C.; Schottstaedt, E. R.; Saunders, J. B. deC. M., and Bost, F. C.: The 
Evaluation of Cortical and Cancellous Bone as Grafting Material: Clinical and Experimental 
Study, J. Bone & Joint Surg. 29:381-414 (April) 1947 
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Through the same midline incision, the skin over the ilium, on the side opposite the patient's 
leg pain, is undermined and retracted to expose the posterior iliac crest. The quadratus 
lumborum and iliacus muscles are elevated from the inner iliac table and retracted. A rectangular 
area which corresponds in length to the distance between the spines of the vertebrae to be 
fused (about 6 by 3 by 0.7 cm.) is then outlined and removed by osteotomes. The graft is 
V” about the width of the 


carefully cleansed of soft tissue. By means of a rongeur, a slot or 


us Maximus 


YI “SuacCaest 4% 


Fig. 4.—Diagrammatic view of the graft site as seen at operation. The skin incision is retracted 
over the posterior ilium, and the iliacus muscle is elevated from the inner table. The cortical 
graft is supplemented by red cancellous bone removed from the same area. 


VERTEBRAL. 


Fig. 5.—Oblique section view of the “H” graft mortise-locked in position between the spines 
of the vertebrae to be fused. It is in contact with the previously prepared bed of bone chips. 


lumbar spines and 1.5 em. deep, is made at either end. After the cortical graft is removed, 1 to 2 
oz. (28 to 57 gm.) of red cancellous bone is obtained from the donor site with a gouge chisel. 
Gelfoam is then placed over the oozing surface to serve as a hemostatic agent. The previously 
detached muscles are approximated to obliterate dead space. A few interrupted sutures are 
taken in the subcutaneous tissue to replace the previously retracted skin and block the connec- 
tion between donor and recipient sites 
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The sponges previously placed over the fusion site are removed. The cortical bone of the 
lamina and the spinous processes is then elevated with a gouge in such a manner that the chips 
are long and flexible, and remain attached at the base if possible. These are flattened and 
interlaced to effect a bed of cancellous bone. The spine of the fifth lumbar vertebra is removed 
so it will not interfere with the placing of the “H” graft between the spines of the fourth lumbar 
and the first sacral vertebra. The facets previously denuded of cartilage are packed with can- 
cellous bone. A l-cm. square wedge at the base of the caudad portion of the spine of the fourth 
lumbar vertebra is cut out so that the “H” graft can be mortise-locked into position. A similar 
wedge is removed from the cephalad aspect of the spine of the first sacral vertebra. The kidney 
rest is then elevated to produce hyperflexion of the lumbar vertebrae. The previously removed 
cancellous donor bone is packed over the fusion site. 

The cortical graft is then placed in its prepared site between the spines of the fourth lumbar 
and the first sacral vertebra with the cancellous surface in contact with the arranged chips. In 
preparation, the ends of the “H” graft are purposely incompletely cut out in order to secure 
firm fixation, since further trimming may be required at this stage. When the graft is wedged 
in position, the kidney rest is lowered, and the reduced flexion of the lumbar spine locks the 
graft in place. More bone chips are then packed about the graft. The deep muscle layers are 
approximated to prevent chips from wandering. If the operative time is over two hours, 500,000 
units of penicillin in 10 cc. of saline is injected locally after wound closure. 

The patient is placed in a firm bed, usually with no external support. Until acute muscle 
spasm subsides, the patient is turned frequently without trunk torsion. The brace or corset 
which was measured before surgery is applied on the 7th to the 10th day to permit greater 
freedom of motion, and the patient is made ambulant on the 21st day. The corset during con- 


valescence is used only as a reminder to prevent undue lumbosacral motion. 


ANALYSIS OF RESULTS 

In the present series of 100 cases of spine fusion there were 13 in which no 
exploration for disc pathology was required, and 87 in which a partial laminectomy 
was performed. The youngest patient was 15, the oldest 57; the average age was 37. 
Male and female distribution was equal. In 44 cases fusion was performed for a 
mechanical defect, in 32 for instability, and in & for spondylolisthesis, while in 16 
need for fusion was determined at operation. The fusion level was the fourth lumbar, 
first sacral vertebrae in 45 cases; the fifth lumbar, first sacral in 45; the third to 
fifth lumbar in 2; the fourth to fifth lumbar in 6; the third lumbar, first sacral in 1, 
and the ninth to eleventh thoracic in 1. The longest follow-up was four years and 
one month, and the shortest 12 months. The average follow-up was two years, 
two months. 

The outer iliac table was used as a donor site in 10 cases, a full-thickness graft 
was used in 7 cases, and the inner table in 83 cases. A routine “H” graft was used 
in 94 cases. In four cases a double “H” graft was employed, that is one “H” 
between the spines of the fourth and fifth lumbar vertebrae, and a second between 
the fifth lumbar and the first sacral. Four fusions were performed in this manner 
‘without pseudoarthrosis. This technique is helpful when one long graft cannot be 
obtained. In two cases a heart-shaped graft was utilized, one between the fifth 
lumbar and the first sacral vertebra, and a second between the fourth lumbar and 


the first sacral. This may be the method of choice when one end of the graft cannot 


be properly shaped or the spine of the first sacral vertebra is inadequate to hold 
the “H” graft. A small recess is made in the sacrum and the blunt end of the graft 


is placed therein. 
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PREOPERATIVE BACK PAIN 


Preoperative back pain was present in 85 of the 87 patients explored for disc 
pathology. Back pain occurred suddenly in 48 and had an insidious onset in 37 
patients 


In 6 of the 43 females (14% ) the onset was directly associated with preg- 
The shortest period of back pain was three weeks, the longest 30 years, 
with an average of 7 years. In the two patients who had sciatica with no back pain, 


nancy 


one had a definite herniated nucleus pulposus at the fourth lumbar vertebra, and 
the other a midline protrusion at the fifth lumbar vertebra. No significant relation- 
ship between the duration of back pain or its mode of onset could be correlated with 
in exploration positive for dise pathology. 


PREOPERATIVE LEG PAIN 


Preoperative leg pain was present in 81 patients. The shortest duration was 
three days, the longest 12 years, and the average 16 months. In half of these patients 
sciatica was present for two months or less. In the six patients without true sciatica, 
results of disc exploration were negative in five, and one had a definite protrusion 
at the fourth lumbar vertebra. The incidence of positive results of dise exploration 
was higher in those patients with sciatica of less than two months’ duration (38 out 
of 40) than in those with a longer history of sciatica (30 out of 41). 

The average period of postoperative hospitalization was 35 days with patients 
ambulating about a week before discharge. Patients with spondylolisthesis and 


lnalysis of Cases in Which a Myelogram Was Performed 


Positive myelogram-— positive dise 
Positive myelogram negative dise 
Negative myelogram positive dise.. 


Negative myelogram negative disc 


Total 


fourth lumbar, first sacral fusion were not ambulated for six weeks, but it is now 
felt that ambulation may be initiated earlier without impairing fusion. 

\lthough clinical and myelographic studies indicate a herniated nucleus pulposus, 
frequently at surgery no protruding disc is found, or one is found at an adjacent 
level. In the present series, myelography was performed in 36 cases, while in 51 
the clinical findings were so definite that exploration was performed without it. 

Myelography was correct in 29 of 36 cases, or 80%. In the group without 
previous myelography 39 explorations out of 51, or 76%, were positive. In 46 cases 
more than one disc level was explored. 


In six of these more than one disc was 
found 


POSTOPERATIVE COM PLICATIONS 
Phere were no deaths. Thrombophlebitis appeared in five cases from the &th to 
the 21st day, and a pulmonary infaret occurred in one. Anticoagulants were con- 
tinued prophylactically until after the patient was ambulatory even though symptoms 
had subsided. On the average, ambulation was delayed in this group until the 45th 


Hematomas formed in four cases. These were aspirated and caused no delay 
in wound healing 


lay 
One wound had a serous drainage for three weeks but closed 


spontaneously. Persistent pain in the donor site occurred in five cases in which the 
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outer table or full-thickness iliac graft was used. Pain in one of these has persisted 


for four years. For this reason the inner iliac table is now used routinely and in 


none of these has there been residual donor site pain. In four cases of inner iliac 
table graft a transient paresthesia of the lateral femoral cutaneous nerve occurred 
Each of these cleared spontaneously in a few weeks. Atelectasis, which cleared in 
five days, was present in one case. There were four pseudoarthroses at the fourth 
lumbar to first sacral level (8%), and two at the fifth lumbar to first sacral level 
(4%), with a total pseudoarthrosis rate of 6% 

Probably the most accurate nonoperative method of determining solid fusion ts 
the use of lateral bend films in the anteroposterior view with flexion-extension 
laterals and bilateral stereoscopic oblique films. Watkins and Bragg,” however, 
found two cases in which flexion-extension x-rays showed solid fusion, but in which 
exploration revealed pseudoarthrosis. They feel the only sure method of deter- 
mining fusion in doubtful cases is by exploration. Flexion-extension x-rays have 
been taken 12 months after fusion in 65 of the cases presented. Anteroposterior 
and lateral views with stereoscopic obliques have been utilized in 35 of the cases to 
determine final fusion. In the one case of pseudoarthrosis in the latter group the 
defect was well visualized with use of this technique. 

Seven of the patients with lumbar fusion in which the lumbosacral joimt was 
not included are asymptomatic and have returned to their previous occupations 
One of these (with fusion of the fourth and fifth lumbar vertebrae) has persistent 
back pain as well as many other complaints, but is continuing his vocation as an 
orchestra leader. 

A review of the end-results shows that there are 13 patients with residual back 
pain, including the six who had pseudoarthroses. Four of the latter have returned 
to work, while two have not. Of the patients who had solid fusion with back pain, 
all seven have returned to work. One has residual leg pain and another has pain 
due to impingement of the fusion mass on an adjacent spine. Two are highly 
emotional, with a variety of minor complaints. One patient became symptomatic 
after pregnancy. One has been asymptomatic following reexploration and division 
of adhesions to the first sacral nerve root. One patient still has local pain at the 
donor site of a full-thickness tlac graft. 


CONCLUSIONS 


1. It is our opinion that only at the time of surgery can a final and definite 
decision be made as to the site and extent of fusion. 

2. Fusion of the interspace where a disc was removed is frequently all that is 
required. 

3. Removal of the autogenous bone graft from the inner table of the ilium 
through the midline incision has been most satisfactory. 

4. A Hibbs type of fusion reinforced with an “H” graft has given better results 
than either procedure alone. 

5. When the surgeon has adhered to the rigid indications and contraindications 
for spine fusion following dise removal, the results have justified arthrodesis. 


il eeenn 


8. Watkins, M. B., and Bragg, F. ¢ Personal communication to the authors 
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DISCUSSION 
Dr. Tor Hiertonn, Stockholm, Sweden: In connection with this interesting survey I 
should like to call attention to a procedure which facilitates for the surgeon the determination 
of the level of fusion, especially in low back pain. We have used this procedure in Stockholm 
at the Orthopaedic Clinic of Karolinska Institutet. We inject a contrast dye together with 
procaine hydrochloride into the discs. 


The increasing pressure in the disc causes pain. In a normal disc the pain is similar to a 
mild backache at the puncture level. Distention of the offending disc, however, reproduces 
the patient’s usual low back pain and sciatic pain. 


The reproducing of the pain is an important point—a symptomatic test. Another point is the 
visualization by x-rays of the ruptures and the degree of degeneration within the disc. 

As Dr. Sinton said, it is sometimes difficult to determine the right level to be fused. We 
think that diagnostic transdural disc puncture and discography in such cases are of value and 


aid in making an exact local diagnosis 
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PINIONS differ as to the incidence and the importance of fat embolism.* For 
this reason we have studied 109 patients suffering from injuries, with the 

following questions in mind: What is a practical and dependable method for mak- 
ing a diagnosis of fat embolism? How common is fat embolism? Is the incidence 
related to the severity of injury or the type of injury? Ilow important are the 
effects of fat embolism ? 

The results of the study indicate that fat embolism is not uncommon ; the diagno- 
sis may be made with a fair degree of accuracy, and the effects may be serious. 

Various tests for verifying a diagnosis of fat embolism have been devised. 
Scriba,* in 1880, described the demonstration of fat in the urine, and Warthin,® 
in 1913, described the demonstration of fat globules in the sputum as methods of 
establishing a diagnosis of fat embolism. While their value has been questioned,“ 
these tests remain the best known and the most widely used. Confirmatory evidence 
ot fat embolism may be obtained by roentgenographic examination of the chest if 
sufficient embolization has occurred.** Other tests ““* are less suitable for clinical 
use. 

METHOD OF INVESTIGATION 


We have studied two groups of patients. The first group, composed of 50 
patients with nontraumatic illnesses, was chosen to compare the test for fat in the 

Read at the Ninth Annual Meeting of the Central Surgical Association, Toronto, Canada, 
March 7, 1952. 
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sputum with the test for fat in the urine in persons presumably not suffering from 
fat embolism. Specimens of sputum and 24-hour specimens of urine were collected 
daily for seven days and examined for free fat. 

The second group was composed of 109 persons consecutively admitted to the 
hospital because of moderate or severe injuries. Specimens of sputum and 24-hour 
specimens of urine were collected daily for 15 days and examined for free fat. 

Care was taken in the collection and examination of the specimens. Containers 
were thoroughly cleaned. All medication in an oily or fatty vehicle was withheld 
from the patients. Specimens of sputum were collected before breakfast to avoid 
contamination with fatty food. In collecting specimens of urine the bladder must 
he completely evacuated, since the fat floats on the surface of the urine. When 
urine was collected by catheterization, oily lubricants were avoided. 

X-ray examination of the chest was ordered routinely on all patients whose 
sputum or urine contained fat. Each patient was examined daily for unexplained 


cerebral and pulmonary symptoms. 


TaBLeE 1.—Comparison of Test for Fat in Sputum with Test for Fat in Urine m 


5) Uninjured Patients Serving as Controls; Daily Tests for Seven Days. 


Positive Sputum Positive Urine 
Number of patients ‘ nikeks 40 (80%) 6 (12%) 
Average number of days exami 3 1 


Sputum Urine 
Total number of examinations eeu 350 350 
Total positive examinations. J 111 (32%) 6 (2%) 


RESULTS 

The results obtained in testing for fat in the sputum and for fat in the urine 
in the 50 uninjured patients serving as controls are shown in Table 1. While the 
sputum was found to be positive for free fat in 40 of the patients, the urine was 
positive in only 6. On the average, the 40 patients with fat in the sputum had posi- 
tive tests on three of seven days, while none of the 6 patients with fat in the urine 
had a positive test on more than one day. Expressed differently, fat was found in 
$2% of 350 specimens of sputum, but in only 2% of 350 specimens of urine. 
Further comparison of the two tests was made by determining the incidence of 


other signs of fat embolism in the 109 injured patients when either test was used 


(Chart 1). When fat in the urine was used as the criterion for fat embolism, 
other evidence of fat embolism was present more often than when fat in the sputum 
was used 

()n the basis of these findings and the conclusions of others,“° we have accepted 
the demonstration of free fat in the urine as a practical confirmatory test for fat 
embolism although it will falsely include and exclude some patients. The test for 
fat in the sputum is positive so frequently in the absence of fat embolism as to make 


it unreliable. This is in agreement with the results recently reported by Nuessle.® 
5. Nuessle, W. F.: The Significance of Fat in Sputum, Am. J. Clin. Path. 21:430 (May) 
1951 
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On the basis of the above discussion we divided the 109 injured patients into 


three groups: (1) probable fat embolism—patients with fat in the urine with or 


2) possible fat embolism—patients with fat in the 


without fat in the sputum; 
patients 


sputum but without fat in the urine, and (3) doubtful fat embolism 


having neither fat in the urine nor fat in the sputum (Table 2). Fifty-two per cent 


TABLE 2.—Incidence of Fat Embolism in 109 Injured Patients 


Number Per Cent 
vi 52.3 
33 30.3 
19 17.4 


Fat embolism probable 
Fat embolism possible 
Fat embolism doubtful 


Total 100.0 


PERCENT OF PATIENTS WITH FREE FAT IN URINE PERCENT OF PATIENTS WITH FREE FAT IN SPUTUM 
HAVING OTHER FINDINGS HAVING OTHER FINDINGS PERCENT 


PERCENT 
100 


100 
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Chart 1.—Incidence of other signs of fat embolism in 109 injured patients when 
was used as the criterion for fat embolism 


either test 


of the 109 patients probably had fat embolism. The patients in the other groups 


have been excluded from this discussion. 
In order to correlate the incidence of fat embolism with severeness of injury, 
we divided the patients into two groups, the severely injured and the moderately 


injured (Table 3). Of the severely injured patients, 55% probably had fat embolism, 


TABLE 3.—I/ncidence of Fat Embolism by Severity of Injury in 109 Injured Patients 


Severely Injured Moderately Injured 


Number Per Cent Number Per Cent 
4 25 49.0 


Fat embolism probable 55.2 25 
Fat embolism possible 


Fat embolism doubtful ne 15.5 


29.3 16 31.4 
10 19.6 


Total | 100.0 
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while 49% of the moderately injured patients probably had fat embolism. The 
difference in percentages is not statistically significant. 

As shown in Chart 2, 60% of 82 patients with fractures were considered to 
have fat embolism. In fractures of the hip the incidence was 77%, while in fractures 
of flat bones the incidence was 42%. The incidence in patients with fractures of 
long bones, ribs or a combination of types of bones fractured fell in between. 

In seven patients with burns involving a body surface area of from 10 to 20%, 
the incidence of fat embolism was 57%. This was essentially the same as the 
average for all fractures of 60%. In a group of 19 patients having miscellaneous 
soft tissue injuries, a surprisingly high incidence of fat embolism of 26% was 


found 
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Chart 2.—Incidence of fat embolism by type of injury in 109 injured patients. 


TABLE 4.—I/ncidence of Pulmonary and Cerebral Symptoms No Other Cause for 
Which Could Be Demonstrated in 109 Injured Patients. 


Probable fat embolism without ehest injury 
With pulmonary symptoms ‘ 
Compatible x-ray findings of chest 


Probable fat embolism without head injury 
With cerebral symptoms 


The number of patients with fat embolism having significant pulmonary symp- 
toms or cerebral symptoms from fat embolism was determined (Table 4). All 
patients in which there was other possible cause for the symptoms were excluded. 
Fifty-one persons considered to have fat embolism had no associated chest injury. 
Of these, 33% had pulmonary symptoms probably from fat embolism. Twelve 


per cent had x-ray findings in the lungs compatible with fat embolism. Of the 45 


persons who had fat embolism but no associated head injury, 33% had cerebral 


symptoms. 
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Thirteen of the 109 patients died. All had fractures. Fat embolism was con- 
sidered to be a major factor in the death of six, or 10%, of the 57 patients having 
fat embolism. Fat was found in the urine of the six patients and each had pulmonary 
symptoms, cerebral symptoms, or both. Autopsy was done on three of the six 
patients. In each of the three, fat globules were demonstrated in the pulmonary 
vessels, cerebral vessels, and renal tubules. 


SUMMARY AND CONCLUSIONS 

Fat embolism may be expected in about one-half of all persons who have been 
either moderately or severely injured. It is most common in persons with fractures 
and burns but will occur in about one-fourth of the patients with other injuries 

Significant symptoms will develop in at least one-third of the patients with fat 
embolism. The symptoms are frequently confused with those of delirium tremens, 
post-traumatic psychosis, pulmonary contusion, bronchopneumonia, cardiac con- 
tusion, and surgical shock. About 10% of the patients having fat embolism will 
die as a result of it. 

A diagnosis of fat embolism is justified in a patient who has suffered injury 
and exhibits characteristic clinical manifestations, no other cause for which can be 
demonstrated. The diagnosis may be supported by the demonstration of character- 
istic pulmonary changes by x-ray examination. We agree with those who believe 
that the demonstration of free fat in the urine is a practical and reasonably accurate 
test for fat embolism. 

DISCUSSION 

Dr. AnGus McLacuiin, London, Ont., Canada: My own interest in fat embolism goes 
back to 1936. With the stimulation of Dr. R. I. Harris, we carried out both experimental 
and clinical studies. I have been very conscious of fat embolism during the intervening years 
and have come to regard it as a very common sequel to trauma. We now regard any patient 
with injury, no matter how trivial, who shows pulmonary or cerebral symptoms not obviously 
explained, as potentially subject to fat embolism 


{Slide} I wish to show a slide of a man aged 50, with very marked petechial bleeding into 


the skin of his axilla. This case proved fatal and was confirmed, at postmortem examination 
This man showed very widespread petechial bleeding, with a hemoglobin of below 60% at the 
time this picture was made. 

From our experiments in 1936, we believed that the more serious forms of fat embolism 
would show this marked bleeding, with an associated drop in hemoglobin. It had been possible 
to reproduce this in the experimental animal by slight hydrolysis of the fat and then a careful 
buffering of the fat before injection. It had seemed possible that some change in the circulating 
fat of the blood stream might be responsible for these very major changes in what has often 
seemed a trivial injury. Inspection of the axilla will sometimes clarify the diagnosis in a patient 
who is showing cerebral and pulmonary symptoms after an accident. 

Dr. Louis G. HERRMANN, Cincinnati, Ohio: Dr. Musselman and his associates have 
emphasized the important clinical aspects of fat embolism. We agree with them that it does 
occur rather commonly, and it may give rise to very serious complications and may lead to 
death of the patient. 

We have been interested in fat embolism for some years, and we have also been interested 
in the mechanisms by which the signs and symptoms of fat embolism are produced. 

The tests which Dr. Musselman described are important in the clinical diagnosis of fat 
embolism. 

I believe it is well established that simple blows to long bones of the extremities may liberate 
large quantities of fat in the peripheral venous circulation. Some years ago we made volumetric 
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determinations of the neutral fats, fatty acids, and other blood lipids, but we were not able to 
show any correlation between the total quantity of these fats in the circulating blood and the 
clinical signs or symptoms of fat embolism. 

While we were studying patients with extensive trauma to long bones, patients with burns, 
and also patients after ether anesthesia, we found that the droplets of fat were very large. We 
directed our attention therefore to the surface tension of the fat globules as a possible factor in 
the more serious clinical varieties of fat embolism. 

We found that 5% ethyl alechol and 5% dextrose was one of the best emulsifying or homo- 
genizing agents obtainable. In experimental animals that had been given sublethal doses of 
their own liquid fat, we were able to clear the lungs of the fat almost completely after three 
injections of a therapeutic dose of this alcohol-dextrose mixture. 

For man we found that the therapeutic dose ranges between 0.5 and 1.5 cc. of 95% ethyl 
alcohol per kilogram of body weight. The narcotic dose ranges between 0.5 and 3 cc. per 
kilogram of body weight, while the toxic dose is between 8 and 15 cc. per kilogram of body 
weight 

Alcohol has proved to be a very good sedative to these patients, especially those who might 
have associated head injuries, in whom we might wish to depress the higher cerebral centers 
without causing depression of the respiratory center. Alcohol also allays pain. 

I think the greatest effect of the alcohol-dextrose solution is on the physical character of 
the fat. It emulsifies it and permits it to go through the various capillary beds of the body and 
causes it to be metabolized quickly. We feel the alcohol-dextrose solution is a safe and a 
simple means of overcoming the peripheral signs and symptoms of fat embolism. 

Dr. M. M. MussetMan, Eloise, Mich.: All of us who are interested in fat embolism and 
who think it is relatively common are interested in finding some means of treatment for this 
disease. Various methods have been tried, and I am very interested in the treatment that Dr. 
Herrman has described. 

It is interesting to note that fat embolism is said to be commoner in persons who are drunk 
when injured. Although we did not measure it statistically, it was our impression, too, that 
fat embolism was commoner in patients who were under the influence of alcohol. 


I might say that in addition to the gardinol® which Dr. Scuderi has tried, we used an 


emulsifier, sorethytan (20) monooleate (tween 80" [polyoxyethylene sorbitan monooleate]), 
experimentally in rabbits, and protection was given to the rabbits. 


I think with further attention given to this syndrome, which I believe is most important, 
better methods and better forms of treatment will be found. 
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VENTRATION of the diaphragm is a congenital aplasia, either partial or 

complete, of this muscular organ. It permits the protrusion of the abdominal 
viscera into the chest, displacing the lung and in severer cases the heart and medi- 
astinum. It is a condition which has been recognized for many years, since Petit ' 
gave an accurate description in 1774. Until recent years it has been frequently 
reported as a clinical and pathological curiosity. A wide variety of vague gastro- 
intestinal and other symptoms had been ascribed to it. In a few cases surgical 
correction had been performed, with splendid anatomical, but lacklustre clinical, 
results. Occasional reports are still appearing of surgical correction, especially in 
the European literature. 

A new conception of this anomaly came into being with Bisgard’s * article in 
1947. He, for the first time, recognized that there was a specific clinical syndrome 
apparent in the child which was due to the compression of the lung and a shift 
of the mediastinum. Since that time there have been several reports describing 
successful correction of this anomaly in infants and in small children, with complete 
relief of more or less severe respiratory symptoms. 

It is our contention that both partial eventration and complete eventration of 
the diaphragm are frequent conditions, that in most instances eventration is 
innocuous, and that it represents a deformity which needs no treatment and is not 
productive of any type of symptom. In a small minority of patients, in children or 
infants, eventration is of great importance, and its operative correction may even 
be lifesaving. 

INCIDENCE ‘a 

The total incidence of eventration is difficult to estimate. In the records of our 
department of roentgenology, we have found 32 adult patients with a very marked 
eventration in a series of approximately 15,000 routine examinations of the chest. 
In 2,500 x-ray studies of the newborn, about 4% had some diaphragmatic weakness. 


In only three of these patients was the condition productive of severe symptoms. 


One of these patients died of respiratory inadequacy. It was the first patient in 
—— 
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1. Petit, J. L.: Traité des maladies chirurgicales, et des opérations qui leur conviennent, 
Paris, T.-F. Diodt jeune, 1774, Vol. 2, p. 226 

2. Bisgard, J. D.: Congenital Eventration of the Diaphragm, J. Thoracic Surg. 16:484, 
1947. 





558 V/ ARCHIVES OF SURGERY 


whom this condition was recognized, and we now feel that this infant could possibly 
have been saved by prompt surgical intervention. 


PARTIAL EVENTRATION 


At this point it might be well to remark parenthetically on partial eventration 
of the diaphragm. To our knowledge this has been described only by Nylander,* 
of Helsinki. He has reported on a fairly large series of patients, many of whom 
underwent surgical explorations and in whom only a portion of the diaphragm was 
aplastic, so that either the liver or, on the left side, the stomach or colon could 
enter this pseudohernia. This condition is unquestionably rather frequent and is 
asymptomatic in most cases. We have observed it both in infants and in adults and 


Fig. 1.—Partial eventration of right diaphragm. Condition was entirely asymptomatic and 
a chance finding in routine roentgenogram of chest. 


originally thought the mass was an accessory liver lobe. The condition lacks clinical 


significance but is important in differentiation from other diseases and tumors. 
It may be that some of the cases of diaphragmatic hernia with a complete hernial sac 
fall into this classification. 

The true incidence of symptomatic eventration will come to light only with the 
wider routine use of x-ray studies of the newborn child. It is probably fairly 
uncommon yet occurs more frequently than the reports in the literature would 


lead one to believe. 


3. Nylander, P. E. A., and Elfuing, G.: Partial Eventration of the Diaphragm, Ann. chir. 
et gynaec. Fenniae 40:1, 1951. 





BECK-MOTSAY—EVENTRATION OF THE DIAPHRAGM 


CAUSATION 

In a previous communication * we have stressed the significance of the etiologic 
basis of this condition. Eventration is a congenital developmental anomaly. In our 
opinion it is closely akin to other muscular aplasias, such as arthrogryposis multi- 
plex congenita. Interestingly enough, one finds reports in the literature that in 
this odd and multistatic disease of muscular agenesis the diaphragm is spared. 
Roberts ° has reported that in a very similar disease in sheep the diaphragm is 
usually affected and that these sheep die at a very early age of respiratory embar- 
rassment. 


Fig. 2.—Partial eventration of right diaphragm, of minor degree, also mild eventration of 


left diaphragm. In full expiration, eventration appears to be especially severe. In this inspir 
ational roentgenogram, however, it appears to be rather insignificant. 


One of our patients had an obvious arthrogryposis congenita. We therefore 
suggest that the recurrent remarks in the literature concerning the absence of 


diaphragmatic involvement in arthrogryposis be subjected to further investigation. 


It may well be that the diaphragm is more frequently involved but that either the 
eventration in these patients is asymptomatic or the symptoms are overlooked, and 
it may also be true that the arthrogryposis is overlooked when the diaphragmatic 
symptoms are most prominent. 

4. Beck, W. C.: Etiologic Significance of Eventration of the Diaphragm, Arch. Surg. 
6:1154, 1950. 

5. Roberts, J. A. F.: The Inheritance of a Lethal Muscle Contracture in Sheep, J. 
Genetics 21:57, 1929. 
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SYMPTOMS 


In our opinion the only symptoms which can be truely ascribed to total even- 
tration of the diaphragm are those due to pulmonary compression and mediastinal 
shift. Of these, the latter may also be unproductive of symptoms. Respiratory 
difficulty with dyspnea and cyanosis is the cardinal sign. This may be constantly 
present or make its appearance only when the respiratory reserve is called forth, 
as, for instance, during crying, respiratory infections, or fevers from other causes. 
It is possible that the mediastinal shift may cause upsets in the major venous 


Fig. 3.—Total eventration of right diaphragm in 3-week-old infant. Note shift of mediasti 
num toward normal side 


channels so that evidences of caval stasis may be observed. It is our opinion that 


the many vague symptoms, especially the gastrointestinal ones, bear no relation 


to this entity. They are probably due to bowel irritation, gall-bladder disease, or a 
host of other functional disorders. In such cases, in adults, the eventration is 
merely an adventitious finding. 
DIAGNOSIS 
The diagnosis of eventration of the diaphragm is simple. The routine x-ray 


studies of the chest will be pathognomonic in most cases. Fluoroscopic study may 
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be helpful or may even be necessary for differential diagnosis. It must be remem- 
bered, however, that the motion of the diaphragm is not only produced by the 
muscle in this organ but also by the varying pressure relationships in both the 
abdomen and the chest. One may therefore see a small amount of normal motion, 
minor paradoxical motion, or none. Pneumoperitoneum may be helpful. 

The most important differential diagnosis is of congenital atelectasis, or the 
more recently described syndrome of pulmonary hyaline membrane.* This is, of 
course, not difficult, for in eventration the thoracic structures are pushed toward 
the normal side, while in atelectasis they are drawn toward the abnormal side. 


Fig. 4.—Postoperative roentgenogram of infant seen in Figure 3. Note slight overcor 
rection of diaphragmatic position. This child was operated on by the abdominal route. 


More difficult to differentiate is the congenital traumatic phrenic nerve paralysis 
Schifrin’ has collected 11 cases of phrenic nerve paralysis from the literature in 
which there was no accompanying brachial plexus paralysis. We think that at 


least one of these patients may have had an eventration and was helped by surgery. 


6. Blystad, W.; Landing, B. H., and Smith, C. A.: Pulmonary Hyaline Membranes in 
Newborn Infants: Statistical, Morphologic and Experimental Study of Their Nature, Occur 
rence and Significance, Pediatrics 8:5, 1951. 

7. Schifrin, N.: Unilateral Paralysis of the Diaphragm in the Newborn Infant Due t 
Phrenic Nerve Injury, With and Without Associated Brachial Palsy, Pediatrics 9:69, 1952. 
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Schifrin feels that the paradoxical motion of the diaphragm (Kienbock’s sign) 1s 
pathognomonic of nerve paralysis. To this we do not subscribe. Wide paradoxic 
excursion does signify a normal paralyzed diaphragm, but slight paradoxic motion 
may be observed in eventration. The findings of a hematoma in the sternocleido- 
mastoid muscle, brachial plexus paralysis, and a good response to electric stimu- 
lation are diagnostic of phrenic nerve paralysis. 

The most difficult differential diagnosis is between this condition and congenital 


, 


diaphragmatic hernia. Indeed, H. W. Meyer* and T. H. Lanman ® suggest that 
eventration may be a variety of diaphragmatic hernia. Such an argument is purely 
academic. It is important, however, to differentiate between eventration and hernia 
without a true sac. This will be discussed more completely under therapy. To be 
differentiated also are the various congenital heart anomalies which may cause 
cyanosis. This differentiation is usually not difficult. 


THERAPY 

It is rather interesting to note in the literature that in spite of very few reports 
of operative cases in children, a wide variety of procedures have been described. 
So far, all have been eminently successful. Bisgard® first reported the transthoracic 
approach in the infant. State '® reported the abdominal approach, which was modi- 
fied by Leahy and Butsch."' Shellito and Bartlett '* reported a combined abdominal 
and thoracic approach and found that this was valuable in cases in which it was 
difficult to bring the diaphragm down because of adhesions within the chest. 

We have used both the abdominal and the thoracic approach and find little to 
recommend one over the other. When it is impossible to differentiate between 
eventration and a diaphragmatic hernia without a sac, an abdominal exposure 
would probably be preferable. Ladd and Gross '* have shown that it is sometimes 
impossible to tind room in the abdominal cavity for the viscera which have been 
pushed into the chest. In such cases they recommend, and we have also on occasion 


found necessary, the creation of an abdominal hernia in which these viscera may 


rest until the abdomen has reached a size adequate to contain its organs. 

essentially, the operative procedure, regardless of the kind of incision, consists 
of plication of the diaphragm. The exact means by which this is accomplished 
appears to be of little significance. The use of rows of sutures may accomplish 
this well, and the resultant flap may be used for reinforcement. Since there are no 
reports in the literature of recurrence after any of these procedures, the technique 
does not at present appear to be of great importance. 


8. Meyer, H. W.: Diaphragmatic Hernia, J. Thoracic Surg. 20:235, 1950. 

9. Lanman, T. H Personal communication to the authors. 

10. State, D Surgical Correction of Congenital Eventration of the Diaphragm in Infancy, 
Surgery 25:461, 1949 

11. Leahy, L. J., and Butsch, W. L.: Surgical Management of Respiratory Emergencies 
During the First Few Weeks of Life, Arch. Surg. 59:466, 1949. 

12. Shellito, J. G., and Bartlett, W. C.: Surgical Correction of Congenital Eventration of 
the Diaphragm, Am. Surg. 17:989, 1951. 


13. Ladd, W. E., and Gross, R. E.: Abdominal Surgery of Infancy and Childhood, Phila- 
delphia, W. B. Saunders Company, 1941. 
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RESULTS 
With so few reports in the literature it is difficult to estimate the results. All 
procedures have been apparently eminently successful. So far, there has been no 
surgical mortality. It may be, however, that reports are lacking of unsuccessful 
cases, and we hope that these will be brought before the surgical public to facilitate 
evaluation. 
CONCLUSIONS 
Eventration of the diaphragm is a frequently encountered congenital anomaly 
which probably does not produce any symptoms in the adult but can definitely 
produce symptoms in the infant and in the child. 
Recognition of this entity is simple and will become widespread as soon as the 
routine roentgenologic study of the newborn infant is undertaken. Partial even- 
trations are common and are important only in differentiation from other conditions. 


Surgical correction can and should be done in children and in infants with 


respiratory embarrassment. It should be limited, however, to such patients. 
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kK SOPHAGEAL hiatus hernia is a clinically demonstrable lesion more frequently 
4 than may be generally realized. Schatzke' stated that by using greater than 
normal intra-abdominal pressure during fluoroscopic examination, hiatus hernia 
can be demonstrated in 70% of patients over 60 years of age. Most of these 
lesions are asymptomatic, and most of those with mild symptoms may respond to 
conservative therapy. A few, however, may be attended by symptoms and signs 
sufficiently grave to demand surgical intervention. 

The repair of hiatus hernia may not be a simple procedure; moreover, the rate 
of recurrence following conventional techniques is almost prohibitive. Soutter,? for 
instance, in analyzing the results of hiatus hernia repair at Massachusetts General 
Hospital found a recurrence rate of 14% following the transthoracic approach and 
a rate in excess of 40% in those patients treated by the abdominal route. One of 
us had the disconcerting experience of having seen a recurrence, within one week 
of repair, following what is regarded as adequate hiatal reconstruction and the 
securing of the stomach to the inferior surface of the diaphragm by three concentric 
rows of interrupted nonabsorbable surgical sutures. In this particular case, there 
appeared to be a short esophagus. 

It is probable that hiatal herniation is frequently due not to a single cause but 
to the combined effects of several physical forces upon an inadequate or abnormal 


relationship at the esophageal hiatus. Among these is the presence of a short esopha- 


gus. We do not wish to become involved in a discussion regarding the somewhat con- 
LL 

Former Resident in General Surgery, the Jennings Memorial Hospital, Detroit (Dr 
Gardner ) 

Read at the Ninth Annual Meeting of the Central Surgical Association, Toronto, Canada, 
March 8, 1952 

From the Department of Surgery, Wayne University College of Medicine, and the Surgical 
Department of Harper Hospital, and the Jennings Memorial Hospital (Drs. Hartzell and 
luttle ) 

1. Schatzke, cited by Sweet, R. H.: Repair of Hiatus Hernia of Diaphragm by Supra- 
diaphragmatic Approach Fechnic and Results, New England J. Med. 238:649-653 (May 6 
1948 

2. Soutter, | \nalysis of Cases of Hiatus Hernia Treated by Surgery at Massachusetts 
General Hospital, S. Clin. North America 27:1121-1127 (Oct.) 1947. 


564 





GARDNER ET AL—TREATMENT OF ESOPHAGEAL HIATUS HERNIA 5S 


troversial subject of the short esophagus. Harrington,* probably correctly, believes 
that congenital shortening is present in not more than 4% of cases. One can 
scarcely disagree with the statement of Gilbert * to the effect that it is improbable 
that a lesion prone to occur in patients of 40 years of age or more is likely to be 
associated with congenital shortening. Allison ® states that esophageal shortening 
in the presence of a hiatal hernia of the sliding type is an expression of the intrinsic 
“elastic recoil” of the esophagus and that shortening may be further accentuated by 
submucosal fibrosis incident to reflux esophagitis. What we do wish to emphasize 


is that esophageal shortening, from whatever the cause, mitigates against the stability 


of the conventional reduction and repair. 


Summary of Data on Patients with Esophageal Hiatus Hernia 


Dura- 
tion of Previous Year of 
Patient Se ; Symptoms Surgery Symptoms Operation Results «C‘omment 
c.M P : 2yr Abdominal Severe parox 1948 Complete 
repair 1947; ysms relief 
phrenic re 
pair 1945 
None Low substernal Complete 
and epigastrie relief 
pain 
None Low substernal Complete 
and epigastric relief 
pain 
2 mo None Low substernal No benefit Subsequent studies revealed 
and epigastric esophageal ulcer resected 
pain with relief of symptoms 
None Low substernal Moderate Patient very neurotie; re 
and epigastric relief sult difficult to evaluate 
pain 
None Pain and in Complete 
ability to eat relief 
None Pain on eating Complete 
relief 
Hysterec Pain on eating Complete 
tomy 198 relief 


TECHNIQUE 


The above observations led us to consider the problem from a different standpoint but based 
upon the demonstration by Sweet ® and others that in resectional therapy for lesions of the 
esophagus, the establishment of a so-called thoracic stomach is entirely compatible with the 
future well-being of the patient. Accordingly, instead of closing the diaphragm snugly about 
the esophagus and anchoring the stomach in the abdominal cavity, the esophageal hiatus is 
enlarged anterolaterally in the direction of the muscular fibers of the diaphragm for a distance 
of some 5 to 7 cm. The stomach bulges upward into the incision and is sutured to the margin 
of the diaphragmatic defect by interrupted nonabsorbable surgical sutures. Cohn and Heaton? 


a 

3. Olsen, A. M., and Harrington, S. W Esophageal Hiatus Hernias of the Short 
Esophagus Type Etiologic and Therapeutic Consideration, J. Thoracic Surg. 17:189-209 
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Surg., Gynec. & Obst. 92:419-431 (April) 1951 
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7. Cohn, R., and Heaton, L Surgical Treatment of Esophageal Hiatus Hernia by Trans 
thoracic Herniotomy, California Med. 70:449-452 (June) 1949 
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report four cases in which a similar operative approach was used with good results. The 


accompanying illustration (Fig. 1) represents the artist’s conception of the result achieved. If 


traction is present due to esophageal shortening, this is alleviated. The hourglass constriction 


between the stomach and the herniated portion is relieved, and the stasis formerly present is 


abolished (Fig. 2). The functional result is excellent, and the hazard of recurrence is eliminated 


Fig. 1.—Artist’s conception of appearance of completed operation 


as viewed through thora- 
cotomy incision, 


LJ 


Fig. 2.—Schematic outline of relationship of stomach to diaphragm before and after operation. 


RESULTS 


This study was conducted on eight patients whose symptoms varied in dura- 


tion from 2 months to 25 years. By the use of this surgical procedure six of the 
eight patients received complete relief of their distress. The remaining two were 


only partially relieved. One of these patients continued to have symptoms because 


of an esophageal ulcer, which was later successfully cared for by esophageal resec- 
tion and an esophagogastrostomy. ‘The other patient, who is listed in the Table 
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Fig. 3.—Roentgenograms of Patient G. B., 49-year-old housewife, whose symptoms ot 
dysphagia and epigastric pain began two years previously when she underwent a period of vomit 
ing and distention following a hysterectomy. Relief was complete following operation. 





Fig. 4.—Roentgenograms of Patient C. P., 48-year-old white man schoolteacher, who had 
symptoms of dysphagia and epigastric pain for six years. Relief was complete following 
operation. 
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as representing an unsatisfactory result, probably received more benefit from the 
operative procedure than either he or we are willing to admit. The pain which 
he has at present is actually not the same pain of which he originally complained. 
The narrowing about the neck of his hiatal hernia is now gone. We are unable to 
demonstrate by roentgenographic studies of the upper gastrointestinal tract any 
other cause for his pain. He has, in addition, a multitude of other complaints. 


COMMENT 

As was stated earlier, the vast majority of hiatal herniae are not accompanied 
by clinical symptoms. They appear rather as an x-ray discovery in the course of 
routine x-ray examinations of the upper gastrointestinal tract. When symptoms 
do occur, they are vague and varied, and the vagarity of the symptoms often leads 
to the diagnosis. 


It has also been previously stated that from a standpoint of the successful repair 


of hiatal herniae the results have been far from discouraging. When one considers 
the anatomical disruption present, it becomes obvious that the symptoms of this 
disease are probably due to the fact that the hiatal ring narrows the stomach at one 
point, leaving a pouch above the diaphragm which can collect food and gastric 
juices. As a consequence of this, gastritis results which probably accounts for 
the majority of the symptoms. 

It was with this idea in mind that the above described operative procedure was 
carried out, with the sure feeling that by relief of the bottleneck obstruction of the 
stomach symptomatic relief could be expected. This has been our finding. 


SUMMARY AND CONCLUSIONS 

Fight patients with diaphragmatic hiatal hernia have been operated on. Six 
are now well, with complete relief of symptoms. One required a subsequent esopha- 
geal resection. The other poor result cannot definitely be ascribed to a failure of 
the operative procedure, but rather to the fact that the patient because of his many 
ills is difficult to evaluate. 

The hypothesis is advanced that persons with diaphragmatic hiatal hernia 
acquire their symptoms because of trapped gastric secretions in the thoracic loop 


DISCUSSION 
Or Papers spy Drs. Beck AND MorTsay, AND GARDNER, HARTZELL AND TUTTLE 


Drs. Beck and Hartzell call our attention to the diaphragm, which I believe has been overlooked 
in many ways throughout the years. 


Dr. Joun M. Dorsey, Evanston, Ill: I think these two papers are of considerable interest 


I was thinking last night that 20 years ago, working with Dr. Harrington when he was 
doing his early work on diaphragmatic hernia with great care, I felt that the diaphragmatic 
hernia problem had been pretty well solved. Still newer ideas have emerged through the work 
of Allison, and as Dr. Hartzell proposed this morning, which make us think further about 
diaphragmatic hernia 

Certainly, patients who have diaphragmatic hernias often have symptoms that are functional. 
lf their symptoms are not severe, though troublesome, and surgery, done through the chest 
or the abdomen, leaves them with an uncomfortable wound or some other complaint, which 
perhaps is greater than the original discomfort, they are most unhappy patients 

If some procedure, such as Dr. Hartzell recommends (which seems fairly simple), will work, 
then I think it is highly commendable. Certainly, the experience of some of us in the past, 


about suturing the stomach to the diaphragm in the presence of a sac, has not been very fortunate 





GARDNER ET AL—TREATMENT OF ESOPHAGEAL HIATUS HERNIA 5369 


These hernias have recurred and have become larger. However, the treatment that Dr. Hartzell 
recommends is for the short esophagus type. I am interested in seeing how these patients fare 
over a long period. 

In calling our attention to the eventration problem, Dr. Beck further interests us in the 
diaphragm, and I think there is much more study to be carried out before some of these problems 
can be solved. Certainly we have seen some of these partial eventrations—a spleen on one side 
and a liver on the other side—which I thought were intrathoracic tumors. If these are partial 
eventrations (and they certainly could well be) it answers questions that have been in my mind 

One caution: Dr. Beck recommends that, inasmuch as he lost a child with eventration from 
respiratory difficulty before surgery could be done, early diagnosis and treatment should be 
stressed. That is a good caution in diaphragmatic hernia in infants, but it can be overdone, at 
least I have overdone it in my zeal to get after a hernia rapidly. I misdiagnosed a cystic disease 
of the left lower lobe for a diaphragmatic hernia, and the child died 

Dr. JOHN SPENCER HartTER, Louisville: I should like to differ with Dr. Beck a little con 
cerning the symptoms that adults have from eventration. I think they do have considerable 
symptoms, particularly with eventration of the left side. There is considerable dyspnea in the 
older person when emphysematous changes have occurred, and there is also dyspnea following 
eating in the younger person. They are greatly relieved by plication of the diaphragm downward 

One of the most pleased patients we have is one who had been unable to belch all her life 
She had considerable dyspnea following eating. She returned to a perfectly normal physiological 
state after a simple plication of the diaphragm and was able to belch after eating, which pleased 
her a great deal. 

The older person who has beginning emphysema certainly has considerable difficulty with 
eventration. We have seen several in that period of life whom we were afraid to treat with 
simple plication because of the severe degree of dyspnea. 

In regard to Dr. Tuttle’s type of repair of hiatus hernia, we have done seven or eight by 
the Allison technique, since his description in Surgery, Gynecology & Obstetrics last year 
Among this group there have been no recurrences. There have been no postoperative symptoms 
referable to the hernia. This operation seems much more physiological to me than enlarging 
the hiatus. I believe Dr. Tuttle’s operation is applicable to the congenitally short esophagus, 
which in our experience is extremely rare. 


Dr. CAMERON Haicut, Ann Arbor Mich: Drs. Beck and Motsay’s paper is timely because 


of the differential problem that presents itself in infants with eventration of the diaphragm 


The authors have stated that patients without symptoms should not be operated on, and I agree 
with this opinion. 

With regard to the differential diagnosis, I should like to point out that pneumoperitoneum 
can be used to advantage in differentiating between eventration of the diaphragm and lesions in 
the lower portions of the chest, such as cysts or tumors, with which it might be confused. In 
one case of ours in which we suspected, but did not prove, the existence of an eventration before 
operation, owing to failure to use a diagnostic pneumoperitoneum in this case, we had the 
unfortunate experience of encountering a postoperative fatality in an infant who had no symp 
toms from the eventration. In this case the operation had been carried out in the belief that 
the lesion was a mediastinal cyst rather than an eventration. 











SURGICAL MANAGEMENT OF INTRATHORACIC GOITER THROUGH 
THE STERNUM-SPLITTING APPROACH 
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AND 


ARTHUR McKINNON, M.D., Ch.B.(Edin.) 
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AT THE 1949 meeting of the American Association for Thoracic Surgery, 
A Adams' reported on the surgical experience of of the Lahey Clinic in the care 
of 28,000 patients with goiters. He and others have considered intrathoracic goiter 
to be that variety in which the thyroid mass lies in the mediastinum entirely below 
the level of the thoracic inlet. In the vast majority of instances, lesions of this type 
have been removed with the aid of the maneuver described by Lahey,’ in which the 
semisolid colloid central portion of these masses is evacuated sufficiently to permit 
the delivery through the neck of the remaining peripheral and capsular portions of 
the thyroid gland. In this report, Adams goes on to state that in the past few years 
of their experience there have been three cases in which the intrathoracic goiter had 
heen removed transthoracically. He further remarks that there has been considerable 
difficulty in the preoperative separation, clinically, of these lesions from other 
mediastinal processes known to occur in the same location, namely, dermoid cysts, 
bronchiogenic cysts, thymomas, and even at times megaesophagus. 

In the discussion of Adams’ paper, Touroff * remarked that since radioisotopes 
had become available, the diagnosis of intrathoracic goiter could be made in practi- 
cally 100% of cases. The rationale of the use of radioactive iodine is, of course, based 
on the premises generally known that this material emits gamma radiation, the 
intensity of which can be accurately studied by the use of counting instruments, such 
as the Geiger counter, and, second, the property of functioning thyroid tissue to take 
up sufficient amounts of the radioactive material to allow for its detection by the 
method mentioned. 

In Figure 1 are the anteroposterior and lateral roentgenograms of the chest of 
a patient, Mrs. M. C., seen in February, 1949, referred by Dr. Joel Deuterman of 


Elgin, Ill., with a diagnosis of intrathoracic tumor. This 47-year-old woman had been 


rr 


Presented with the aid of a motion picture of the surgical procedure in color 

Read at the Ninth Annual Meeting of the Central Surgical Association, Toronto, Canada, 
March &, 1952 

From the Department of Surgery, Northwestern University Medical School, and the 
Evanston Hospital (Dr. Dorsey, Chairman, Department of Surgery, and Dr. McKinnon, Resi- 
dent in Surgery) 

1. Adams, H. D.: Transthoracic Thyroidectomy, J. Thoracic Surg. 19:741 (May) 1950. 

2. Lahey, F. H.: Intrathoracic Goiter, Lahey Clin. Bull. 1:2, 1939. 


3. Touroff, A. S. W., in discussion on Adams.! 
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symptomless as far as her chest was concerned, until thoracic trauma had raised the 
question of a rib injury. X-ray studies followed, with the discovery of the anterior 
mediastinal tumor mass. Physical examination showed the presence of a nodular 
cervical thyroid. This, plus the displacement of the trachea to the left, made the most 
likely diagnosis adenomatous cervical goiter, with intrathoracic extension. Radio- 
active isotopes were not available to us at that time, so the planned surgical procedure 
was carried out. An adenomatous goiter of moderate size was removed from the 
cervical region, along with its intrathoracic component in continuity, through a 
sternum-splitting approach. Figure 2 is a photograph of the operative specimen. 
Figure 3 illustrates its microscopic nature. Figure 4 illustrates the postoperatively 


healed incision. 


Fig. 1 (Mrs. M. C.) !, anteroposterior roentgenogram of chest; B, lateral rotengenogram 
- , | 
Note calcification in tumor 


The relative ease and safety with which properly selected patients can be cared 
for by a combination of cervical and sternum-splitting technics has prompted us to 
record our experiences with this and a subsequent patient, whose intrathoracic 
tumor had caused a demonstrable deviation of the trachea and esophagus from 
their normal locations. Figure 5 illustrates these abnormalities in a 53-year-old 
Negro, Mr. F., whose symptoms were mainly those of respiratory difficulty, con- 
siderably increased by an intercurrent respiratory infection. The infectious process 
was controlled by antibiotic therapy, and after preliminary vocal cord inspection, 
100 pe of radioactive iodine were administered. Twenty-four hours later, the 
standard survey with the Geiger counter was carried out. This study definitely 
established the property of the region of the tumor mass to take up delineating 


quantities of the I'*! to the point of satisfying us that the preoperative impression 
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of intrathoracic goiter was correct. Consequently, through the same combination 


of cervical and sternum-splitting technics, a very large adenoma, arising in the left 
lobe of the thyroid and extending into the thorax, was removed. Figure 6 is a 


photograph of the operative specimen. The patient’s postoperative convalescence 


was uneventful. Figure 7 demonstrates the type of healing which followed. 


Fig. 2 (Mrs. M. C.).—-Surgical specimen. Note darker cervical thyroid tissue and_ signifi- 


ant constriction of mass at level of thoracic inlet 


COMMENT 
Ils, Good, and Seybold * aptly remarked that it should not be necessary to 
emphasize that these tumors must be extirpated. The threat of hyperthyroidism, of 
malignant change, and of mechanical interference with the airway constitute suff- 
clent reasons for their operative removal. These authors further state that the 


4. Ellis, Fo H., Jr.; Good, C. A.. and Seybold, W. D.: Intrathoracic Goiter, Ann. Surg 


135:79 (Jan.) 1952 
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operative approach should vary trom case to case. Their division of intrathoracic 
goiters into three groups, namely, (1) masses located in the anterior mediastinum 
and the anterior portion of the superior mediastinum, associated with nodular goiters 
in the neck, and having other features suggestive of a thyroid nature; (2) masses 
in the posterior portion of the superior mediastinum, with or without a palpable 


Fig. 4 (Mrs. M. C.)—Postoperative healing of incision. There is some prominence in mid 
portion of cervical scar at point of tracheotomy 


cervical goiter, and (3) masses in the anterior or posterior mediastinum, unassoci 


ated with a nodular cervical goiter, or a history of a previous thyroidectomy, seems 


quite proper. When, in the estimation of the surgeon, the thoracic component of the 
goiter cannot be delivered readily into the neck through the thoracic inlet, removal 
can be accomplished by the intracapsular reduction of the tumor size as described 
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by Lahey, or by the adjunct sternum-splitting exposure. When the former 1s 
possible, accumulated experience has amply demonstrated that it can be performed 
with perhaps less risk to the patient. However, when the thyroid mass is quite 
solid and sizable, and the control of its vascular supply may appear difficult, then, 
after adequate exposure is produced by division of the strap muscles bilaterally, and 
the blood supply by way of the superior thyroid vessels is controlled by ligature, 
immediate sternum splitting seems advisable. In this fashion, the sometimes very 
large inferior thyroid veins can be advantageously isolated, clamped, divided, and 
ligated in a well-exposed field. 


Fig. 5 (Mr. F.).—Anteroposterior roentgenogram of chest after barium swallow. Note 
deviation of trachea and to a less degree of esophagus to the right, produced by large thyroid 
adenoma 


The method of sternum splitting is a matter of choice. The Lebsche knife is an 
effective instrument; the electric saw as used by Holman in pericardiectomy serves 
well, or a simple saw with a small curved blade may be effectively used. Finger 
dissection of the fascial structures behind the sternum, and introduction of the 
surgeon’s finger or a narrow malleable retractor will serve to protect the anterior 
mediastinum against inadvertent injury from the incising instrument. The sternum 
may be split from suprasternal notch to xiphoid process, and separated with retrac- 
tors after division of the restraining cervical fascia and its intrathoracic continuation. 
In performing complete median sternotomy, as opposed to partial sternotomy with 


lateral division at about the level of the fourth interspace, the danger of injury of 


the internal mammary vessel is lessened. However, this can be avoided if care is 
taken in the latter procedure. 
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Bleeding from the divided sternal edges need not be especially troublesome. 
Reapproximation of the sternum can be readily accomplished by the use of stainless 
steel wire, inserted by cutting needles through the substance of the sternum. These, 
reinforced with chromic catgut in the fascial layers, provide adequate fixation. 


ys 
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6.—Surgically removed thyroid adenoma seen in Figure 5. 








Fig. 7 (Mr. F.).—Postoperative healing of cervical and sternal incisions. 


It should be emphasized that the major complication of sternum splitting is 
impairment of effective cough in the postoperative period. For this reason, trache- 
otomy at the conclusion of surgery employing this technic should be almost routine. 
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Rather than adding risk to the procedure, we feel that tracheotomy diminishes it, 
in that troublesome secretions can be readily aspirated, and the airway kept open. 
The added sear in the center of the cervical incision adds little deformity which might 
be considered objectionable to female patients. Certainly, the comparative ease of 


tracheotomy at the time of surgery, as against its performance as an emergency in 


the postoperative period, will be apparent to those who have tried both methods. 

Unquestionably, certain intrathoracic thyroid enlargements, particularly those 
in the posterior mediastinum, are more accessible through a combined cervical and 
posterolateral incision, or, in those rare instances in posterior mediastinal goiters 
without a cervical component, through posterolateral thoracotomy only. It is 
important to remember that removal of tumors by these methods, particularly 
through the right thorax, carries a high percentage of injury to the right recurrent 
laryngeal nerve. 

An additional value of the use of radioactive iodine has been called to our 
attention by Dodrill.” Whereas it seems unlikely that failure to identify all the 
intrathoracic goitrous tissue would be frequent, he suggests the administration of 
a tracer dose, 24 hours before surgery, and the employment of a Geiger counting 
surgically sterile instrument, introduced into the thorax at the time of surgery 
when the major-sized mass has been removed, might well serve to detect less evident 
nodules, which otherwise would be inadvertently left. The experience of preoperative 
positive identification of intrathoracic tumors as being of thyroid origin has been 
favorable, but is by no means infallible. Vascular tumors and no doubt aneurysms, 
where large blood volumes containing the the radioactive element may concentrate 
it to a degree sufficient to mimic its uptake by functioning thyroid, should be kept 
in mind 


SUMMARY AND CONCLUSIONS 


Two cases in which the sternum-splitting approach has been combined with 
cervical thyroidectomy for removal of intrathoracic goiter are discussed. Certain 
features of the technic are described. For those lesions which do not lend them- 
selves to the morcellation technic of Lahey, the sternum-splitting approach can 
with reason be recommended. It is particularly advantageous in intrathoracic 
goiter lying in the anterior mediastinum. We commend the employment of trache- 
otomy at the conclusion of the surgical procedure, almost as routine, feeling that the 
advantages far outweigh the disadvantages. The accumulated experiences of sur- 
geons reporting these procedures will no doubt add to the evaluation of the use of 
radioactive iodine in the detection of these lesions. 


DISCUSSION 

De. Wittram M. Turtie, Detroit: Dr. Dorsey's paper has been most interesting. We have 
had approximately 15 patients with substernal thyroids. I have carried out in some of them 
a sternum-splitting operation 

We feel that if the gland can be felt in the neck on swallowing or when the head and neck 
are well extended, such a gland can be removed by the ordinary route. 

We have used the sternum-splitting approach in those patients whose substernal thyroid 
was in the midline. In patients whose thyroid bulged well to one side of the midline, as in 
Dr. Dorsey's second case, we have approached those transthoracically, the approach being made 
through the appropriate sick 

a 


5. Dodrill, F. D.: Personal communication to the authors 
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We have not found it necessary to perform a tracheotomy There have been no deaths and 
no postoperative complications. 

It has been an amazing fact to me that although the operative procedure appears most 
formidable, the postoperative course is smooth and relatively painless. The recuperation has 
been rapid, and the split sternum is most stable in a tew days. 

The procedure as a whole has much to recommend it, especially when the gland receives 
its blood supply from mediastinal structures, and when cancer is present 

Dr. F. G. Keroin, Toronto, Canada: | am very glad to have heard this presentation, 
because we have been interested in this subject for some years. As Dr. Tuttle stated in his 
discussion, if the goiter is large, projecting into one chest or the other, we are inclined to 
approach it through the chest, especially if it happens to occupy the posterior mediastinum. 
If the goiter is large in the neck, our primary approach is through the neck. 

[Slide] It is very difficult to tell in which cases the goiter can be dealt with through the 
neck. This slide shows a large goiter which could be removed fairly easily through the neck. 

[Slide] On the other hand, here is another goiter in which the mass was firmly adherent 
in the chest, and we had to split the sternum to remove it safely 

Like Dr. Dorsey, we have been interested in the use of radioactive iodine in making the 
diagnosis. We also have had some use for it in therapy in these cases. Some of these patients 
are rather old, and many have associated serious disease, cardiac or diabetic, and so on, and 
those people are very poor risks. In some of these patients with severe pressure symptoms we 
have found we can induce enough regression in the size of the goiter by radioactive iodine 
therapy to give good palliation. 

[Slide] Here is a woman who had severe hypertension and diabetes and also a large 


goiter 


[Slide] The goiter in the chest was very large, and she had very severe pressure symptoms 
Dr. Janes and I both felt she was not suitable for surgical treatment. Dr. Johnson, of our 


medical division, gave her therapeutic radioactive iodine. 

[Slide] The slide to your right shows some real regression in the size of the tumor. That 
was sufficient to relieve her pressure symptoms, and palliation was fairly satisfactory. 

I do not wish to suggest that this is the proper way to treat these goiters in all cases, 


but as a palliative measure it has a place 
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ECREASED excretion of sodium and water and increased excretion of potas 
sium during and following surgery have been reported by numerous investi 
gators. Most of the reports have dealt with small groups of carefully selected cases 
To collect further data on this subject, we have made studies on 38 consecutive 


major surgical cases in one hospital. A preliminary report on serum and urinary 


potassium ' includes an outline of the procedure and chemical methods used in this 
study. Data on urinary excretion of electrolytes and water before, during, and after 
surgery were sufficiently complete in 27 of the major surgical cases and in 2 of the 
minor surgical cases to warrant inclusion in this report (Table 1). 


TABLE 1.—Cases From Which Data Are Presented 


Age, Yr Surgery Performed 
7 ‘holeeystectomy 
“oO ‘holecysteetomy 
7H ‘holecystectomy 
4 ‘holecystectomy 
0 holecystectomy 
| Partial gastrectomy, cholecystectomy 
Total gastrectomy, splenectomy, partial 
pancreatectomy 
Partial colectomy, partial gastrectomy 
Partial colectomy 
Partial ileectomy, femoral herniorrhaphy 
Partial cystectomy 
Prostatectomy 
Lysis of tubal adhesions 
Oophoroeystectomy 
Oophorectomy 
Total hysterectomy, colpoperineoplasty 
Total hysterectomy 
Total hysterosalpingo-oophorectomy 
Hemithyroideetomy 
Patellectomy 
Inguinal herniorrhaphy, varicocelectomy 
Inguinal herniorrhaphy 
Inguinal herniorrhaphy 
Ventral herniorrhaphy, lysis of peritoneal 
adhesions 
Lysis of peritoneal adhesions 
Lysis of peritoneal adhesions 
Lysis of peritoneal adhesions 
Orchidectomy, cystoscopy 
Partial masteetomy 


Read at the Ninth Annual Meeting of the Central Surgical Association, Toronto, Canada, 
March 8, 1952. 
1. Snyder, C. D., and Snyder, H. E.: Serum and Urinary Potassium in Surgical Patients, 
Arch. Surg. 61:62, 1950. 
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The urine volumes for each 24-hour period for these 29 patients are recorded m 
Chart 1.4. The average volume on the preoperative day was 1,750 ml., on the 
surgical day 1,265 ml., and on the first postoperative day 1,000 ml. Urinary excre- 
tion of sodium each 24 hours may be seen in Chart 1 B. In this chart all patients 
who received sodium chloride solution intravenously at any time during the course 
of the study are represented by an “X.” Fifteen patients received no sodium chloride 
intravenously, and they are represented on the chart by a “dot.” Very little sodium 
chloride was given by the intravenous route. Those receiving blood on the day ot 
surgery usually were given 150 to 500 ml. of O.85% sodium chloride solution in 
conjunction with the transfusion. Only one patient received sodium chloride for 


any other reason. He had an intestinal obstruction ; a nasogastric tube was in place, 
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Chart 1.—A, urine volumes in liters per 24-hour period. B 
24 hours 


DAYS 


urinary excretion of sodium each 


and he was given 1,000 ml. of 5% dextrose in istotonic sodium chloride solution 
['welve patients received 500 to 2,000 ml. of 5% dextrose in saline on one or more 
of the postoperative days. This probably accounts for the slightly higher average 
excretion of sodium in these patients from the second to the fifth day. 

potassium excretion values. Those patients represented by a “dot” on this chart 
received potassium chloride intravenously or blood one or more times. 


Data on chloride excretion are found in Chart 24. Chart 2 PB shows 24-hour 


Those 
receiving the blood are so marked because we have found the serum of banked 
blood to contain up to 41 mEq. of potassium per liter. It may be seen that there is 


little difference in the average amount of potassium excreted on any of the days 
represented. The highest concentration of potassium, however, was found in the 


urine fraction obtained in the period three to six hours postoperatively (Chart 3.4). 
The concentration during surgery and in the first three hours after surgery did not 
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vary significantly from the preoperative concentration. The lowest concentration 
of sodium was found on the first postoperative day. It was on this day that the 
highest urine volumes were found. Urinary excretion rates of water, sodium, and 
potassium during the day of surgery are shown in Chart 3B. Both the sodium and 
the potassium rates parallel those of water. The potassium rate is proportionately 
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Chart 2—.4, data on chloride excretion. B, potassium excretion values per 24-hour period. 








higher beginning three to six hours after surgery. The average chloride excretion 
rates were almost exactly those of sodium. However, in some individual cases, 
chloride was not a dependable index of sodium excretion. 

In an attempt to find more significant data, the 29 cases were divided into two 
groups: those patients having the more extensive surgical procedures (the first 10 
cases: Table 1) and those having the less extensive surgery (the last 19 cases; 
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Chart 3.—A, urine concentration of sodium, potassium, and chloride, mean 29 cases. B 
urinary excretion rates of water, sodium, and potassium during day of surgery 
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Chart 4.—A, average data on first 10 cases listed in Table 1. B 
cases listed in Table 1. 
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Table 1). Chart 4A gives average data on the 10 cases in which more extensive 
IV. Na includes the sodium in the blood admin- 
istered, the sodium citrate in banked blood, and sodium chloride given intravenously. 
[!’. K includes potassium from potassium chloride and from blood but does not 


surgical procedures were done. 


TABLE 2 


Period 
Preoperative day 
During surgery 
3 br 
+6 hr 


1 day 


postoperative 
postoperative 
postoperative 
’ days 
’ days 
1 days 
» days 


postoperative 
postoperative 
postoperative 
postoperative 


6 days postoperative 


Period 
During surgery 


0-3 hr. postoperative 


Total Intravenous Fluids and Blood Given in First Ten Cases 


O.85% 
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in Water 
MI Pt 
1100 
1s00 
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/ otal 
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Intravenous Fluids 
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postoperative 
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postoperative 
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in Water 
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5% Dextrose 
in Water 
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2,000 
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Surgical Day 
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Ml. 
5OO 
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Nineteen Cases 


Blood 


Pt 
1 
4 
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show the fraction from each. Fluid intake represents intravenous fluids, blood, and 
oral fluids. The lowest mean urinary excretion of sodium was found on the second 
postoperative day. The highest potassium excretion was on the first postoperative 
day, but then it averaged only 65 mEq. There is no statistically significant differ- 


ence between either of these figures and the preoperative averages. The preopera- 


tive 24-hour urine volume in this group of cases averaged over 2 liters. Data in 
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Chart 5.—A, data on Patient O. C., white woman aged 69, on whom cholecystectomy was 
performed approximately 36 hours after onset of acute gangrenous cholecystitis. There was 
profuse drainage from wound during first several days. B, data on Patient F. R., white man 
aged 81, who had acute small bowel obstruction from incarcerated femoral hernia. Resection 
of ileum and repair of femoral hernia were accomplished a number of days after onset of his 
illness. He received 500 ml. of banked blood on first postoperative day, sodium content of which 
is not included in above Chart 
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Chart 6.—A, data on Patient B. F., white woman aged 47, with chronic cholecystitis and 
cholelithiasis. Nasogastric tube in place for 24 hours following cholecystectomy. B, data on 
Patient C. B., white man aged 76, with chronic cholecystitis and cholelithiasis on whom chole- 
cystectomy was performed. No sodium chloride was given intravenously. He received 500 ml 
of banked blood on second postoperative day. Sodium content of anticoagulant (17 mEq.) and 
blood (38 mEq.) is not shown in above Chart 
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Chart 7.—A, data on Patient R. W., white woman aged 51, with multiple gastric ulcers, 
one of which involved tail of pancreas and was thought to be malignant. Partial pancreatectomy 
and splenectomy as well as total gastrectomy were done. Sodium content of banked blood 
transfused is not included in this Chart. She received 1,000 ml. of banked blood on operative 
day and 500 ml. on both the third and the fourth postoperative days. B, data on Patient L. S., 
white woman aged 48, myofibromata of uterus. Hysterectomy was done. On_ operative 
day 2,500 ml. of 5% dextrose in water was administered. No additional intravenous fluids were 
given. There was no blood transfusion. She vomited 100 ml. of fluid on second postoperative day. 
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Chart 8.—A, data on Patient G. V., white man aged 50, on whom herniorrhaphy and 
appendectomy were done. He received 3,000 ml. of 5% dextrose in water on operative day. 
No other intravenous fluids were given. No blood was given. B, data on Patient J. A., white 
man aged 65, with a ventral hernia. Multiple adhesions were separated and ventral hernia 
repaired. On first postoperative day there was distention and regurgitation of intestinal contents. 
Miller-Abbott tube was in place most of period represented. 
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the 19 cases with less extensive surgery, represented in Chart 4 B, differ significantly 
only in a smaller amount of electrolyte given intravenously, the absence of signifi- 
cantly low serum sodium and serum chloride levels following surgery, a consistently 
higher serum potassium average, and a definitely higher volume of water excretion 
on the operative and postoperative days in spite of lower average fluid intake. 

Table 2 gives the total quantity of the various intravenous fluids and blood given 
in those 10 cases in which the most extensive surgical procedures were carried out 
and Table 3 the same information on the 19 cases in which less extensive surgical 
procedures were done. 

On the day of surgery seven patients were given 1,000 ml., eight patients 2,000 
ml., and nine patients 3,000 ml. of 5% dextrose in water. The average excretion 
of water, sodium, potassium, and chloride in each of these three groups is tabulated 
in Table 4. The eight patients receiving 2,000 ml. of 5% dextrose received the most 
blood, showed the smallest urine volume, and the greatest excretion of sodium and 
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Chart 9.—Rate of sodium excretion in mEq. per 24 hours for three patients with inguinal 
herniorrhaphies. Patient A. I., white man aged 33, had left orchidectomy as well as hernior- 
rhaphy. No fluids were given on operative day, but on first postoperative day 1,200 ml. of saline 
and 2,000 ml. of blood were given after large scrotal hemorrhage. Detailed data on Patient 
G. V. is given in Chart 8 A. Patient J. A., an 11-year-old white boy received 1,000 ml. of 5% 
dextrose in water on day of inguinal herniorrhaphy. He was discharged on third postoperative 
day. 


chloride. The average data on the seven patients who received blood on the day of 
surgery are included in Table 4. Charts 5 to 8 provide data on illustrative cases 
Chart 9 shows the rate of sodium excretion each 24 hours for the three patients with 
inguinal herniorrhaphies in this group of cases. 


COM MENT 
The average 24-hour excretion of sodium, potassium, and chloride in the 29 
patients closely approached normal. The average 24-hour urine volumes were 
higher than normal on the day before and the day following surgery. In individual 
cases, both high and low sodium and water excretion were encountered. In most 


of the latter, factors of abnormal loss and/or inadequate intake seemed responsible 


for the greater part of the deviation. Vomitus and nasogastric-tube return contained 
4.3 to 148 mEq. of sodium per liter. In some cases, without vomiting or gastric 
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suction, it may be reasonably assumed that some excess fluid and salt may have been 
held in the gastrointestinal tract actually outside the vascular, interstitial, and intra 
cellular fluid compartments. Wound drainage accounts for known losses. [-xudates 
and effusions into serous cavities provide another source of loss. Edema in the 
operative area accounts for some. Increased sodium and decreased potassium con- 
tents in traumatized muscles near the surgical incision have been reported. 

Increased activity of the adrenal cortex leading to sodium and water retention 
and potassium diuresis has been shown to occur after surgery and other forms of 
stress and after the administration of corticotropin (ACTH). Total eosinophile 
counts in blood and measurement of steroids in the urine were not done in our 
cases. (Good urinary concentration of sodium during surgery and in the immediate 
postoperative three hours suggests that steroids were not active in producing 
water and sodium retention in this period. .\ low potassium concentration in the 
same period would further attest to lack of stress phenomena. It would appear 
that stress phenomena first occurred about the time the patients began to experience 
postoperative pain. The sodium concentration and water excretion rate dropped. 
and the potassium concentration rose significantly in the urine excreted three to 
six hours following surgery. The potassium concentration was highest in this 
period. The sodium concentration was lowest in the urines excreted on the day 
following surgery. The lowest quantitative sodium excretion occurred on the third 
postoperative day and the highest potassium excretion on the first postoperative day. 

The practice of giving intravenous fluids immediately before or after the onset 
of anesthesia and of completing the administration of intravenous fluids for the day 
within three to six hours has unquestionably modified the pattern of the excretion 
rates on the day of surgery. Water excretion has been satisfactory with this prac 
tice. This seems particularly important in those patients who may be given large 
quantities of banked blood during surgery. We believe that many patients come to 
elective surgery in a mildly dehydrated state. The large average urinary output 
found on the preoperative day and in the preoperative one and one-half hours and 
the practice of restricting all fluids by mouth for many hours before surgery may 
accourtt for this. 

SUM MARY 

In a consecutive series of patients undergoing surgery, wide individual varia- 
tions In urinary excretion patterns were found. The mean urine volume on the day 
preceding surgery was abnormally large. This high water excretion rate continued 


during the one and one-half hours immediately preceding surgery. During surgery 


the following average excretion rates were observed: water, 1 liter per 24 hours; 
sodium, 62 mEq. per 24 hours; potassium, 27 mEq. per 24 hours. In the first three 
hours following surgery these rates increased to 1.9 liters of water, 130 mEq. of 
sodium, and 58 mkq. of potassium per 24 hours. These findings may be attributed 


eee 


>» 


2. Winfield, J. M.; Fox, C. L., Jr., and Mersheimer, W. L.: Etiologic Factors in Post- 
operative Salt Retention and Its Prevention, Ann. Surg. 134:626, 1951. 

3. (a) Selye, H.: The General Adaptation Syndrome and the Diseases of Adaptation, J. 
Clin. Endocrinol. 6:177, 1946. (b) Johnson, H. T.; Conn, J. W.; Iob, V., and Coller, F. A.: 
Postoperative Salt Retention and Its Relation to Increased Adrenal Cortical Function, Ann 
Surg. 132:374, 1950. (c) Finley, R. K., Jr.; Templeton, J. Y., IIL; Holland, R. H., and Gibbon, 
J. H., Jr.: Changes in Urine and Serum Electrolytes and Plasma Volumes After Major Intra- 
thoracic Operations, J. Thoracic Surg. 22:219, 1951. 
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in large part to the practice of giving intravenous fluids throughout surgery and 
completing administration of intravenous fluids for the day in the first three hours 
following surgery. Three to six hours following surgery all excretion rates fell 
precipitously, but the concentration of potassium in the urine was greater than 
during any other period. Excretion rates for the rest of the operative day were 
higher and approximated normal values. The first postoperative day the urine 
volume averaged 1,600 ml., the sodium 66 mEq., and the potassium 50 mEq. The 
concentration of sodium was lowest during this period. The average urine potassium 
level fell to 30 mEq. on the third postoperative day. The urine sodium averaged 
50 mEq. on the third day but rose to 84 mq. on the fourth. In the 10 patients 
undergoing the most extensive surgery, the sodium output did not reach normal 


until the fifth postoperative day. In this group serum potassium levels averaged 


3.3 to 4.0 mEq. per liter, while in patients with less extensive surgery the average 
was 4.0 to 5.1 mEq. per liter. Sodium and water retention and potassium diuresis 
following surgery were less in our series of cases than those reported in patients 
undergoing abdominoperineal resections “” or extensive thoracic surgery 

Losses of sodium chloride and water occurring through sweating, wound exuda 
tion and swelling, pleural and peritoneal effusion, and escaping gastrointestinal tract 
secretions should be met by the intravenous administration of some sodium chloride 
as well as potassium and water. However, sodium chloride should be given with 
extreme caution, if at all, to those with cardiac decompensation, renal disease, hypo 
proteinemia, or cirrhosis of the liver, for it tends to exaggerate the serous effusions 
and edema present in these conditions. Sodium and water retention and potassium 
diuresis from adrenocortical stimulation did not become evident in our cases until 
three to six hours following surgery. The intravenous administration of 5% dextrose 
in water during and immediately after surgery led to a satisfactory urinary output 
on the operative day. 
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S' JUND evidence demonstrating that the artificial kidney offers a valuable method 
for treating acute renal failure has been difficult to obtain. Essentially it must 
be shown that some patients who would otherwise die will recover with use of the 
artificial kidney. Such salvageable patients should be found among those with acute 
renal failure who do not recover their renal function when treated by conservative 
methods alone. For some of these, the additional days of life provided by use of 
the artificial kidney should lead to a return of adequate kidney function. In our 
experience, patients of this type, who can be saved by treatment with the artificial 
kidney, are rarely encountered. 

For those suffering from chronic renal failure, the artificial kidney may offer 
promise of some palliation, but, as might be expected, these patients will ultimately 
die of their diseases. 

This report is an analysis of the effectiveness of the artificial kidney in treating 
21 patients with various acute and chronic diseases. 


HISTORICAL REVIEW 


\lthough a practical clinical model suitable for use in patients was not developed 
until 1944," it is of interest that the basic principles inherent in all later artificial 
kidneys were first set forth in 1914, at which time Abel, Rowntree, and Turner,’ 
working in the department of pharmacology, The Johns Hopkins University School 


of Medicine, developed their process of “vivi-diffusion.”” Their machine consisted 
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1. Kolff, W. J., and Berk, H.: The Artificial Kidney, a Dialyser with Great Area, Acta 
med. scandinav. 117:121-134, 1944. 

2. Abel, J. J.; Rowntree, L. G., and Turner, B. B.: On the Removal of Diffusible Sub- 
stances from the Circulating Blood of Living Animals by Dialysis, J. Pharmacol. & Exper. 
Therap. 5:275-316, 1914 
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of a series of celloidin tubes immersed in a medium of saline, with rubber tubes 
leading from the celloidin to cannulae in an artery and a vein. Hirudin, an extract 
of leech heads, was their anticoagulant. From their work they concluded that such 
nonprotein substances as urea, sugar, phosphates, and acetylsalicylic acid, could be 
removed by the method. The work of these men was monumental in establishing 
a base line for the future development of artificial kidneys. 

The successful development by Kolff' of a more practical machime, suitable for 
use in human patients, was dependent to a large degree upon the availability of 
heparin and cellophane.* Heparin proved to be a much more reliable and safer 
anticoagulant than hirudin, and cellophane* was shown to be superior in both 
strength and uniformity to celloidin or other dialyzing membranes in use at the 
time. We have used a modification of Kolff’s apparatus, and this apparatus will be 
described in the next section. 

Alwall,® in 1947, developed another artificial kidney model which he felt was 
superior to Kolff’s because a pump was unnecessary in his apparatus and because 
pressure relationships could be adjusted between the bath and the blood. 

Independently, Murray * invented and used clinically an artificial kidney con- 
sisting of small-diameter cellophane® tubing wrapped around a stationary vertical 
cylinder immersed in a bath. The blood was pumped from the inferior vena cava 
and allowed to run back into another vein. 

A number of other types of artificial kidneys have been described,’ using cello- 
phane® tubing or cellophane® sheets, and employing methods, such as a counter- 
current flow of the dialyzing fluid, to improve efficiency and to make the apparatus 
less cumbersome. Reports on the clinical use of most of these machines are meager, 
and to date the Kolff-type apparatus has been the machine used most frequently in 
treating patients. Merrill® has reported the largest number of patients treated with 


the artificial kidney and advocates certain indications for its use. He is favorably 


impressed with its therapeutic value for patients having certain types of acute and 
chronic renal failure and for those suffering from barbiturate poisoning, but, unfor- 
tunately, he does not present data in his later papers to support the validity of his 
conclusions. 


3. Alwall, N., and Norviit, L.: On Artificial Kidney: The Effectivity of the Apparatus, 
Acta med. scandinav., Supp. 196, pp. 250-258, 1947. 

4. Murray, G.; Delorme, E., and Thomas, N.: Development of an Artificial Kidney ; Experi- 
mental and Clinical Experiences, Arch. Surg. 55:505-522, 1947. 

5. Lowsley, O. S., and Kirwin, T. J.: Artificial Kidney: Preliminary Report, J. Urol. 
65: 163-176, 1951. Malinow, M. R., and Korzon, W.: An Experimental Method for Obtaining 
an Ultrafiltrate of the Blood, J. Lab. & Clin. Med. 32:461-471, 1947. Rosenak, S. S., and 
Saltzman, A.: A New Dialyzer for Use as an Artificial Kidney, Proc. Soc. Exper. Biol. & 
Med. 76:471-475, 1951. Skeggs, L. T., Jr.; Leonards, J. R., and Heisler, C. R.: Artificial 
Kidney ; II. Construction and Operation of an Improved Continuous Dialyzer, Proc. Soc. Exper. 
Biol. & Med. 72:539-543, 1949. Sterling, J. A., and Doane, J. C.: A New Type of Artificial 
Kidney, Urol. & Cutan. Rev. 53:385-389, 1949. 

6. (a) Merrill, J. P.; Smith, S., III; Callahan, E. J., III, and Thorn, G. W.: The Use of 
an Artificial Kidney: II. Clinical Experience, J. Clin. Invest. 29:425-438, 1950; (b) Present 
Role of Artificial Kidney in Clinical Therapy, Ann. Int. Med. 33:100-107, 1950: (c) The Arti- 
ficial Kidney, New England J. Med. 246:17-27, 1952. 
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PECH NICAL CONSIDERATIONS 


Ihe modification of the Kolff artificial kidney 7 that we have used was developed by 
Merrill.* It consists essentially of a large rotating wire-mesh drum around which is wrapped 
in spiral fashion 120 tt. (3,657.6 cm.) of cellophane® tubing. The patient’s blood leaves the 
cannulated radial artery in a plastic tube, passes through a rotating coupling in the axle of 
the drum, and enters one end of the cellophane® tubing. The rotation of the drum combined 
with the effect of gravity moves the blood through its length. At the far end of the drum the 
stream of blood leaves through a second rotating plastic coupling and is elevated by a pump 
to a burette from which it flows by gravity through a clot catcher and down into the patient's 
cannulated antecubital vein 

Che rotating drum is partially immersed in a 100-liter bath wherein the dialysis takes place 
This bath is tap water, usually containing the constituents listed in Table 1. These may be varied 
in each case depending upon the chemical concentrations in the patient's blood and his state of 
hydration. To assure an adequate diffusion gradient, the entire bath is changed after three 
wurs of the usual six-hour dialysis. The bath water is kept at a temperature of 101 F. with 
thermostatically controlled heating units, thus assuring return of blood to the patient at approxi- 
mately body temperature 


Sterilizing the apparatus was effected as described previously,” and clotting was prevented 
by heparinizing the patient. Moderate bleeding from the wounds of the arterial and venous 


dissections proved to be troublesome occasionally, but in no case did a large hemorrhage occur 
Parte 1.—Constituents of the Bath Fluid in Grams per Liter of Tap Water 


Nat'l ‘ ence . 6.00 
NaHeo 2.25 
Kc] 0.30 
CaCl Sep beeneeews 7" : O40 
Mel ; : 0.10 


Glucose . ° i. 10.00 


fotal Na+, mEq 140.00 


Total CL, mEq. I 126.00 


trom these areas. However, in one case (Patient 19, Table 2) heparinization may have been 
instrumental in causing death, for this patient died of asphyxiation due to the aspiration of 
bloody vomitus shortly after the dialyzing procedure. This hemorrhage apparently arose from 
t gastritis which had probably bled earlier, but the bleeding seemed to have been increased by 
heparinization. We have considered serious recent hemorrhage, as indicated by massive 
hematemesis or melena, a contraindication to use of the artificial kidney, but in this patient 
the gastrointestinal bleeding was undetected before treatment 

Hemolysis produced by the artificial kidney has been no problem in our experience or in 
that of others who have used this apparatus. 

Just before the machine is attached to the patient, it is filled with 500 to 600 cc. of cross 
matched blood. After the artificial kidney is running, the blood flow is adjusted to a rate of 


150 to 200 cc. per minute by tunnel clamps on the inflow and outflow tubes 


RESULTS 


1. Clinical Evaluation.—Since our previous article on the use of the artificial 


kidney,” we have treated an additional number of patients, and we are now reporting 


on its use 38 times in 21 patients. The results in the individual patients are sum- 

7. This apparatus was manufactured by Edward A. Olson, Ashland, Mass. 

8. Merrill, J. P.; Thorn, G. W.; Walter, C. W.; Callahan, E. J., and Smith, L. H., Jr.: The 
Use of an Artificial Kidney: Technique, J. Clin. Invest. 29:412-424, 1950. 

9, Lewis, F. J.; Reiser, M. P.; Egdahl, R. H.; Raffucci, F. L., and Flink, E. B.: Clinical 
L'ses of the Artificial Kidney, ]. Lancet 72:1-7, 1952. 





LEWIS ET AL—THI {RTIFICIAL KIDNE) 591 


marized in Table 2. Immediate clinical improvement, sometimes striking in nature, 
was seen following the use of the artificial kidney in over half the patients treated, 
and, although this conclusion must be stated provisionally, it seems probable that a 
prolongation in life, for a period of a few days or longer, was obtained through use 
of the artificial kidney in 10 of the 21 patients treated 

Despite these temporary successes, however, our efforts have ultimately met with 
almost uniform failure, for only 1 of the 21 patients is now living. The reasons for 
these failures are numerous ; they will be noted in the following paragraphs in which 
the various types of patients treated are described. It should be mentioned first, 
however, that the process of dialysis itself may have been a harmful factor instru 
mental in precipitating two or, at the most, three of the fatalities ( Patients 12, 19, 
and 21). One was of the man mentioned previously, who died of asphyxiation 
following hematemesis. These three patients were all terminally ill, and even a minor 
procedure was certain to carry a high risk for them. In fact, as a general explanation 
of the high fatality rate in our series it should be pointed out that a number of our 
patients were in the terminal stages of a chronic renal failure or, if suffering acute 
renal failure, these patients often were burdened with serious, independently fatal 
complications. We have not limited our use of this apparatus to the infrequent case 
in which recovery might well be expected, but we have attempted to explore its 
usefulness in a rather wide variety of desperate situations. 

Twelve of the patients treated were sutfering from various types of acute renal 
failure. Two of these had acute glomerulonephritis, and, although they both died, 
one, an 8-year-old boy (Patient 15), survived 85 days of anuria and 6 dialyzing 
periods with the artificial kidney. When examined under the microscope, his kidneys 
showed no glomeruli thought to be capable of functioning. The other ( Patient 8) 
died shortly after dialysis of a hemorrhagic pneumonia. A third ( Patient 18) had 
periarteritis nodosa with acute renal failure. As might be expected, she failed to 
recover her renal] function after one successful dialysis. A fourth ( Patient 20) failed 
to recover from an acute, bilateral, ischemic, renal necrosis which developed after 
injuries sustained in an automobile accident. 

\ diagnosis of lower nephron nephrosis was made for the eight remaining patients 
who suffered from acute renal failure In one of these ( Patient 14) anuria devel 
oped after a blood transfusion, which was given for hemorrhage from uterine 
myomata. She recovered completely after a stormy course, and it was felt that the 
artificial kidney was of distinct value in effecting her cure. A second (Patient 13) 


had anuria following a motorcycle accident and finally died without return of his 


renal function. The third ( Patient 17) in this group also failed to show a recovery 


in kidney function, even after 20 days of a low urine output. The five remaining 
patients with lower nephron nephrosis (Patients 1, 2, 5, 10, and 19) all had this 
compheation following extensive surgical procedures. In three patients it was felt 
that life was prolonged by use of the artificial kidney, but all eventually died with 
grave complications 

When analyzed according to the cause of death, the 11 patients who died of 
acute renal failure despite treatment with the artificial kidney may be divided into 

EE 

10. Lucké, B.: Lower Nephron Nephrosis (the Renal Lesions of the Crush Syndrome, of 
Burns, Transfusions, and Other Conditions Affecting the Lower Segments of the Nephrons), 
Mil. Surgeon 99:371-396, 1946 
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three groups. In four of these patients it would seem that other aspects or compl- 
cations of their diseases, rather than failure to recover renal function, were primarily 
responsible for their deaths. Despite the amelioration of their uremia brought about 
hy dialysis, they succumbed early to such complications as pulmonary embolism, 
pneumonia, or subphrenic abscess. They did not survive long enough to provide 
an opportunity for their kidneys to recover. A second group, of three patients, had 
serious complications, such as peritonitis and intra-abdominal abscesses, when they 
died, but these patients nevertheless did survive from 17 to 22 days of low urine 
output with still no evidence of a return of kidney function. The remaining four 
patients died only because their kidneys did not improve sufficiently to maintain life, 
even though additional time for recovery, up to 85 days, was provided by use of the 
artificial kidney. It should be pointed out that of these four patients, only one died 
of lower nephron nephrosis (after 20 days of a daily urine output below 500 cc.), 
suggesting that our experience in treatment with the artificial kidney of patients with 
relatively uncomplicated lower nephron nephrosis, but with slow recovery of kidney 
function, has not yet been sufficient for a sound evaluation of this method. 

Seven patients suffering from various chronic renal diseases have been treated 
with the artificial kidney, and four of them (Patients 3, 4, 6, and 9) gained some 
temporary benefit. Two others (Patients 12 and 16) died while being treated with 
the artificial kidney, and the last one in this group (Patient 21) died shortly after 
dialysis of a cerebral hemorrhage. The two patients who died while undergoing 
dialysis were terminally ill of their diseases. One had sutfered a temporary cardiac 
arrest in another hospital before being transferred to us in deep coma, with her 
respiration maintained artificially. The other patient, a child, died after a series of 
convulsions 

(i the four patients with chronic uremia who obtained temporary benefit from 
use of the artificial kidney, one child, who had congenital renal aplasia and hydro- 
nephrosis, was twice prepared for surgery, and at the second operation an intestinal 
loop was made for perfusion, as has been suggested by Kolff.'' Despite these efforts, 
the patient finally died. 

Two others (Patients 7 and 11) have been treated with the artificial kidney 
without success. One patient had cirrhosis and carcinoma of the liver, and the other 
had encephalitis with diabetic acidosis. 

2. Changes in the Blood Chemistries—Invariably, it has been possible to alter 
the uremic levels of the blood metabolites and electrolytes toward normal values with 
use of the artificial kidney. Though all chemical concentrations measured have 
shifted nearer to normal, some have changed more rapidly and completely toward 
normal than others 


\ gratifying reduction in blood urea nitrogen values was obtained regularly. 


Drops in concentration from 200 to 100 mg. per 100 cc. were obtained frequently, 


with corresponding amounts of urea, up to 212 gm., being removed from the bath 
water. The decreases in creatinine and uric acid paralleled those of blood urea 
nitrogen 


11. Kolff, W. J New Ways of Treating Uraemia: The Artificial Kidney, Peritoneal 
Lavage, Intestinal Lavage, London, J. & A. Churchill, Ltd., 1947, p. 112. Twiss, E. E., and 
Kolff, W. J.: Treatment of Uremia by Perfusion of an Isolated Intestinal Loop: Survival for 
46 Days After Removal of Only Functioning Kidney, J. A. M. A. 146:1019-1022, 1951. 
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Frequently, the serum potassium concentration may rise to high levels when the 
urine output is very low,'* and in such cases death may be hastened by the toxic 
action of potassium on the heart.’* To avert this eventuality in the uremic patient, 
the artificial kidney provides an efficient means of rapidly lowering the serum potas- 
sium concentration. Listed in Table 3 are the changes in serum potassium produced 
when this ion was omitted from the bath water during one-half or all the dialyzing 
period. The iall in serum potassium level obtained in each case was paralleled by 
a return toward normal in the electrocardiographic tracings. 

The other blood metabolites and electrolytes, measured before and after use of 
the artificial kidney, all shifted nearer to their normal levels during dialysis. The 
low bicarbonate levels customarily found before dialysis, as an indication of meta 


bolic acidosis, were elevated toward the normal value, but usually some acidosis 


Taste 3.—Reduction in Serum Potassium in Milltequivalents per Liter with Use of 


the Artificial Kidney 


Seruin Serum 
Potassiur Potassiun 
Before After 
Patient Dialysis Dialysis 
\.H 47 ‘ 
G. E.G if i 
:7 


remained. The blood chloride concentrations were easily adjusted, and the hypo- 
chloremia found almost uniformly beforehand was completely corrected or over 


corrected in every case without danger of overhydration, which may follow attempts 


to correct hypochloremia by intravenous use of salt solutions in oliguric patients 
The low serum sodium values found in most patients treated were elevated to the 
normal range regularly, and the one patient with a hypernatremia had a fall in his 
serum sodium from 185 to 161 miéq. per liter. It is important to note that this fall 
seta 

12. Hoffman, W. S.: Clinical Physiology of Potassium, J. A. M. A. 144:1157-1161, 1950. 

13. Crismon, J. M.; Crismon, C. S.; Calabresi, M., and Darrow, D. C.: Electrolyte Redis- 
tribution in Cat Heart and Skeletal Muscle in Potassium Poisoning, Am. J. Physiol. 139:667-674, 
1943. Currens, J. H., and Crawford, J. D.: The Electrocardiogram and Disturbance of Potas- 
sium Metabolism, New England J. Med. 243:843-850, 1950. Finch, C. A.; Sawyer, C. G., and 
Flynn, J. M.: Clinical Syndrome of Potassium Intoxication, Am. J. Med. 1:337-352, 1946. Keith, 
N. M., and Burchell, H. B.: Clinical Intoxication with Potassium: Its Occurrence in Severe 
Renal Insufficiency, Am. J. M. Sc. 217:1-12, 1949 
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in sodium concentration was accompanied by a decrease in body weight. The blood 
calcium concentrations, which were usually low before dialysis, were raised to normal 
or above normal by the procedure, and phosphorus levels fell toward, but never 
quite to, normal. 


3. Overhydration.—An important cause of death in acute renal failure is over- 
hydration, usually due to the excessive administration of parenteral fluids. This 
complication was manifest in a number of our patients who had both peripheral and 
pulmonary edema before they were treated with the artificial kidney. To effect a 
reduction in this overhydration with the artificial kidney, the bath water was made 
hypertonic by the addition of glucose to make a concentration up to 2 or 2.5%. 
When these high concentrations of glucose were used, small doses of insulin were 
given during the procedure to lower the blood sugar level and thus keep a high 
differential gradient between the bath and the patient’s blood. 


Body Weight Body Weight 
Before, After, 
Patient Kg. Kg. 
©. He Cbs vevccns * 62.4 61.0 
60.2 57.5 
+ ae : 61.8 58.8 
- RB 0.2 49.6 
= ‘ 67.3 63.2 
r. O. aa 67.5 64.3 
r. E. . ; 57.2 56.7 
Cc 25. 25.4 
5 25.3 


The effectiveness of this technique has been measured in terms of the reduction 
in body weight which occurred during dialysis. As may be seen in Table 4, all but 
two of these patients lost weight in amounts up to a maximum of 4 kg. Though this 
seems to be a worth-while method of quickly reducing the overhydration of an anuric 


patient, it is unpredictable and usually not as potent as one would desire. 


COMMENT 


Since attention has been called to the so-called three-phase conservative manage- 
ment of patients with acute renal insufficiency,’* there has doubtless been a sub- 


14. Coller, F.; Campbell, K. N., and Iob, V.: The Treatment of Renal Insufficiency in the 
Surgical Patient, Ann. Surg. 128:379-390, 1948. Muirhead, E. E.; Haley, A. E.; Haberman, S., 
and Hill, J. M.: Acute Renal Insufficiency Due to Incompatible Transfusion and Other Causes, 
with Particular Emphasis on Management, Blood, Spec. Issue No. 2, pp. 101-138, 1948; Incom- 
patible Blood Transfusions with Emphasis on Acute Renal Failure, Surg., Gynec. & Obst. 
92:734-746, 1951. Strauss, M. B.: Acute Renal Insufficiency Due to Lower-Nephron Nephrosis, 
New England I. Med. 239:693-700, 1948. 
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stantial lowering in the fatality rate of lower nephron nephrosis. It is important to 
determine whether or not the artificial kidney offers a valuable supplemental method 
to this conservative regimen. Its use will prolong the lives of some patients with 
acute uremia and often temporarily improve their clinical condition, but this is not 
enough to ask of an apparatus as difficult and expensive to use as the artificial 
kidney. The crucial question is whether or not its use will save lives that might 
otherwise be lost. Certainly, in our experience it may have fulfilled this practical 
role for only one patient. 

It might be expected that use of the artificial kidney would lead to a salvage of 
those patients whose acute renal failure is complicated by other serious conditions, 
but with these we have failed. It might also be possible to save some patients in 
whom recovery from a relatively uncomplicated lower nephron nephrosis has been 
slow, and in the present series one of these patients has survived. As mentioned 
earlier, we have not seen enough of these patients to properly evaluate the effective- 
ness of the artificial kidney in their treatment, but we have the impression that this 
type of case is rarely encountered. Most of the patients presumed to have a lower 
nephron nephrosis, whom we have seen but not treated with the artificial kidney, 
have begun to have a return of urinary output after only four to six days of anuria. 

The development of hyperpotassemia in anuric patients seems to be a valid indi- 
cation for use of the artificial kidney, for dialysis provides a rapid and efficient means 
of correcting this dangerous complication. Our one surviving patient had a serum 
potassium level of 9.4 mEq. per liter before dialysis. It was reduced to 7.6 by the 
temporary expedient of intravenous injection of dextrose and insulin and then 
lowered to 3.6 mEq. per liter by use of the artificial kidney. 

Overhydration with pulmonary edema in the anuric or oliguric patients is another 
good indication for dialysis, but correction of this condition has not been as efficiently 
accomplished as the reduction of serum potassium levels. 

In patients with chronic uremia the artificial kidney has a limited usefulness. It 
might be an aid in preparing some of these patients for operations that may be needed 
to correct the defects which have led to their uremia. However, all patients with 
chronic uremia do not improve clinically when treated with the artificial kidney. 
One child who was prepared for surgery twice with the artificial kidney had con- 
vulsions shortly after the second dialysis. 


We have had no success with use of the artificial kidney in treating one patient 


with cirrhosis and hepatic coma and have as yet gained no experience in treating 
some of the other clinical conditions for which its use has been suggested, such as 
barbiturate poisoning and certain shock-like states.’® 


SUMMARY 


A Kolff-type artificial kidney has been used 38 times in the treatment of 21 
patients. Of these patients 12 had acute renal failure of various types ; 7 had chronic 
renal failure ; 1 had hepatic cirrhosis, and 1 had encephalitis complicated by diabetic 
acidosis. 

Many of these patients were temporarily benefited by treatment with the artificial 
kidney, but only one is still living. A prompt lowering of the protein metabolite 
levels in the blood and an adjustment of the serum electrolyte levels toward normal 
were obtained in every case. 


15. Merrill.¢4.¢ 
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It is suggested that the artificial kidney be used in those patients with acute renal 
failure due to lower nephron nephrosis in whom a serious hyperkalemia has devel- 
oped and in those who have had oliguria for over six days. In our experience, 
patients who might be saved by use of the artificial kidney when conservative treat- 
ment alone was insufficient have been rarely encountered. 


In patients with chronic uremia the artificial kidney might occasionally be help 


ful in preparing suitable candidates for surgery. 


DISCUSSION 


Dr. James M. Winetetp, New York: I agree completely with Dr. Snyder that electrolyte 
solution should be used during and immediately after operation. However, I differ to a certain 
extent with him about the type of solution to be used, particularly if large amounts must be 
used in heavy surgical cases. [ am referring specifically to sodium chloride 

There have been numerous reports in the literature, as we all know, showing salt retention 
Possibly some of the evil effects of the use of sodium chloride are due to the ratio of sodium 
to chloride, which in so-called isotonic sodium chloride solution is 1:1, whereas in plasma it 
is 14:1 

No one ts feartul of giving blood or plasma during or after an operation because of the 
electrolyte pattern of the blood; therefore it would seem logical to me that solutions or electrolyte 
solutions more nearly approaching the electrolyte pattern ot blood or plasma are safe. 

We have utilized solutions of this type in heavy surgical cases in considerable numbers. We 
have been able to maintain satisfactory plasma electrolyte values, urinary output, and urinary 
electrolyte patterns in these cases. 

Dr. Jacop K. BERMAN, Indianapolis: Investigations such as Dr. Snyder and Dr. Lewis 
have made will ultimately lead to a more complete comprehension of kidney physiology. 
In order that all phases of renal behavior may be subsumed under the studies of electrolyte 
excretion, | should like to mention some interesting observations of sodium excretion in patients 
vith advanced portal cirrhosis 

We have now performed ligations of the hepatic and splenic arteries in 24 patients with 
cirrhosis, and in 6 of them we have also tied the left gastric artery. Sodium studies were 
made in all patients before and after surgery with the following significant findings: Patients 
with advanced portal cirrhosis and ascites retain sodium, but the plasma sodium levels remain 
close to normal, Where the sodium is stored is not exactly known. Some of it is in the ascitic 
Huid and some in muscle and other cells. Formerly, pathologists attributed this sodium retention 
to a “cirrhotic nephrosis.” Renal clearance studies before and after operation indicate great 
improvement in iodopyracet (diodrast®) and inulin clearance and renal blood flow, but altera- 
tions in hemodynamics alone do not explain the increase in sodium excretion after the operation 

Many of our patients with cirrhosis excrete only 1.5 mEq. in 24 hours. This feature of 
sodium retention is illustrated in a 10-year-old boy who had portal cirrhosis, congestive spleno- 
megaly, ascites, and bleeding from the gastrointestinal tract. On admission to the hospital in 
July, 1951, the plasma sodium was 193.4 mEq. The urinary sodium was 28 mEq. in 1,600 ml. of 
urine in 24 hours. Three months after surgery the plasma sodium was 142 mEq. per liter, and 
the urinary sodium was 60.8 mEq. in 1,000 ml. of urine in 24 hours. I saw this patient again two 
weeks ago, and at that time the plasma sodium was 139 mEq. per liter, and the urinary excretion 
4 sodium was 169 mEq. in 1,800 cc. of urine per 24 hours. The fall of plasma sodium was 
greater in this patient than in any other observed. 

Of one thing we are sure, however, and that is that the tubules do not excrete normal amounts 
of sodium in the presence of an advanced portal cirrhosis, and, for that reason, we are very 
cautious about the intravenous use of isotonic sodium chloride solution. Immediately after surgery 
these patients are given a diet which permits only 1.5 gm. of sodium a day. Later we give cation- 
anion resins so that sodium will be removed through the gastrointestinal tract, thereby permitting 
more liberal amounts of salt in the diet. After four months, somehow, in a manner which 
We cannot as yet explain, the kidney resumes its ability to excrete sodium. 

What I have said does not apply to potassium, which, strangely enough, is neither affected 
nor excreted in greater amounts than normal. 
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Dr. GorpoN Murray, Toronto, Canada: I should like to comment on Dr. Lewis’ paper 
which I enjoyed very much. 

I was disappointed at his survival rate following the use of the artificial kidney. Having 
read the first paper on the clinical application of the artificial kidney at this meeting six or sever 
vears ago, I feel somewhat like the father of this subject in relation to this Association 

| have treated over 30 patients with the artificial kidney, with survival in about 50% Phat 
applies to the people who have had acute renal failure. I have avoided treating anyone with 
chronic kidney disease, for I am iairly sure that nothing of a permanent nature can be obtained 
by such treatment. In acute renal failure, however, there is a possibility of the kidneys 
recovering their function 

Most of those treated have anuria following blood transfusion. It is of particular importance 
in blood transfusions for someone present to be aware that all is not going well and that 
the patient is having a reaction—chills, pain, discomtort, anything that may occur as a result 
4 transfusion—and if it is stopped early and not too much blood given, those patients have 
i chance of survival 

However, if patients who have had some sort of symptoms have received 500 or 1,000 c¢ 
or more, none of them have survived, in my hands. 

With bichloride poisoning, if one knew the amount taken, it might be possible to predict how 
much damage the kidney has sustained. But how can one tell when most of these patients just 
swallow it and don't disclose “why” or “how much” they took 

In most postmortem studies almost complete cortical necrosis was present, indicating 
that either as a result of the transfusion or the poisoning, or whatever the toxic material was 
the kidney was beyond repair, and from what is known at present, there was no possibility what 
ever of survival 

Cherefore, if we had some method of selecting the patients who had only a light scorching 
by some toxin, for example, and if we treated them satisfactorily, they have a good chance of 


survival. In many of the others there is little possibility of survival 


Dr. Howarp E. Snyver, Winfield, Kan.: | think most of you know that Dr. Winfield and 
his associates are making a very interesting study hoping to find an ideal electrolyte solution 

Our cases were studied at a time when we were giving a minimum of salt on the day of 
surgery and thought we might be criticized for even that small amount. I might add further 
that we were using potassium only in those cases when we thought it absolutely necessary 

The study was started primarily with the thought of determining the need for potassium in 
such a consecutive series of surgical cases. I agree with Dr. Winfield that we have not arrived 
at the ideal electrolyte solution. I think we are doing as most of you are today, depending on the 
laboratory to tell us what ions to put in the solutions we give intravenously 

We like to put some potassium in the solution whenever sodium is given. I think some of 
you have seen a recent publication by Dr. Elman in which he has suggested the addition of 
34 mEq. of sodium, 33 mEq. of potassium, and 34 mEq. of chlorides daily to the intravenous 
solution, and he has done balance studies which tend to show that that was about the right 
amount in his cases. 

I think we know too little about what happens to the sodium and water retained in surgical 
patients, as indicated by the balance studies that have been made. Time may show that more 
sodium and more water should be given 

Dr. Berman has given us some interesting statistics on sodium excretion in patients with 
cirrhosis of the liver. We know that sodium must be given with considerable caution, if at all, 


to patients with cardiac decompensation, hypoproteinemia, and nephrosis, in other words, to any 


patient in whom water and salt tend to be deposited in the tissues 

I question whether the kidney fails to excrete or whether water and salt are retained by 
the tissues. 

Recently we have studied pleural fluid in a case of hypertension with cardiac decompensation 
in which the pleural effusion following a dorsal sympathectomy was rather excessive. We found 
very large amounts of sodium in this pleural fluid 





VENA CAVA LIGATION IN THROMBOEMBOLIC DISEASE 


FREDERICK M. OWENS Jr., M.D. 
ST. PAUL 


A PRESENT, the accepted treatment of thromboembolism falls into two 
categories: (1) treatment by anticoagulants and (2) treatment by vein liga- 
tion. Accumulated evidence seems to indicate that the use of anticoagulants is 
satisfactory and has definite advantages over vein ligation. On the other hand, 
there still exists a small number of patients in whom the best results are obtained 
by combining the two modes of therapy. This combination consists in ligation of 
the vena cava, to prevent emboli reaching the heart and lungs, and use of anti- 
coagulant medication, to prevent any propagation of the existing thrombophlebitis. 

Various types of vein ligations have been advocated for the prevention of pul- 
monary embolism. Superficial femoral vein ligations were first undertaken, then 
common femoral vein ligations, and even external iliac vein ligations. These pro- 
cedures offer incomplete protection against pulmonary embolism arising from the 
pelvis. Ligation of the femoral or external iliac vessels leaves an extensive bed of 
pelvic veins in communication with the heart by way of large vessels. Emboli not 
infrequently arise in these beds after vein ligation. We have two such cases in this 
series. Erb and Schumann? have recently shown that, in their hands, superficial 
femoral vein ligation did not decrease the incidence of pulmonary embolism. Anlyan 
and his associates * have reported a study of 50 patients with thromboembolism. 
Forty-three were treated successfully with anticoagulants. Seven underwent bilateral 


femoral vein ligation, and five of these suffered embolic episodes after vein ligation. 
On the other hand, vena cava ligation affords complete protection in that the large 


venous channels are closed by ligation and any blood going back to the heart must 
pass through small collateral vessels which filter out emboli. 

After vena cava ligation has been accomplished, the patient must rely upon 
collateral circulation to effect the return of blood to the heart. The routes for 
collateral circulation are adequate after vena cava ligation, but the bed for collateral 
circulation is very small when the common femoral vein is ligated. Numerous 


From the Veterans Administration Hospital, Minneapolis. 

Read at the Ninth Annual Meeting of the Central Surgical Association, Montreal, Canada, 
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Medical Director. The statements and conclusions published by the author are the result of his 
»wn study and do not necessarily reflect the opinion or policy of the Veterans Administration. 

1. Erb, W. H., and Schumann, F.: An Appraisal of Bilateral Superficial Femoral Vein 
Ligation in Preventing Pulmonary Embolism, Surgery 29:819, 1951. 

2. Anlyan, W. G.; Campbell, F. H.; Shingleton, W. W., and Gardner, C. E., Jr.: Pulmonary 
Embolism Following Venous Ligation, A. M. A. Arch. Surg. 64:200, 1952. 
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authors, among them Thebaut and Ward,’ Moses,* O’Neil,° and Northway and 
Suxton,® have published data which suggest that the vena cava can be ligated with- 
out any postoperative symptoms if there is no associated thrombophlebitis to occlude 
the collateral channels. A woman with pelvic phlebitis has no edema after cava 
ligation if she does not also have iliofemoral thrombophlebitis. The sequelae depend 
upon the extent of obliteration of the collateral venous bed by the thrombophlebitis 
process. 
The collateral circulation called upon after vena cava ligation is divided into 
three general groups: 
1. Superficial 
(a) Superficial circumflex iliac 
(b) Superficial epigastric 
. Deep 
(a) Deep circumflex iliac 
(b) Deep epigastric 
(c) Mesenteric 
(d) Ovarian or spermatic 
. Communications with vertebral plexus 
(a) Lateral sacrai veins from hypogastrics 
(b) Segmental spinal veins 


(c) Intravertebral and perivertebral plexuses (Batson’s veins) 


The history of vena cava ligation dates back to Kocher and Billroth (cited by 
Pfatf *), who reported cases in 1883 and in 1885, respectively. In both cases ligation 
was done accidentally during the course of nephrectomy, and both patients died. 
A case of intentional ligation of the inferior vena cava was recorded in 1906 by 
Trendelenburg,* who undertook the procedure as a means of treatment of puerperal 
pyemia. Today gynecologists * continue to employ this procedure in the treatment 
of pelvic phlebitis and as a prophylactic measure in extensive pelvic surgery. Foley * 


has recently employed vena cava ligation as.an adjunct to coagulating diathermy 
in the treatment of infiltrating bladder tumors. He reports no deaths in 10 cases 
since employing vena cava ligation as a part of the operation. Prior to this time 
all the patients succumbed to pulmonary embolism. 


cence 


3. Thebaut, B. R., and Ward, C. S.: Ligation of the Inferior Vena Cava in Thrombo- 
embolism: Report of 36 Cases, Surg., Gynec, & Obst. 84:385, 1947. 

4. Moses, W. R.: Ligation of Inferior Vena Cava or Iliac Veins: Report of 36 Operations, 
New England J. Med. 235:1, 1946. 

5. O'Neil, E. E.: Ligation of the Inferior Vena Cava in the Prevention and Treatment of 
Pulmonary Embolism, New England J. Med. 232:641, 1945. 

6. Northway, R. O., and Buxton, R. W.: Ligation of the Inferior Vena Cava, Surgery 
18:85, 1945. 

7. Pfaff, O. G.: Ligation of Inferior Vena Cava, Am. J. Obst. & Gynec. 11:660, 1926 

8. Trendelenburg, F.: A Review of Surgical Progress, J. A. M. A. 47:80, 1906 

9. Bancroft, F. W.: The Surgical Treatment of Phlebothrombosis in Obstetric and Gyneco- 
logic Patients, Am. J. Obst. & Gynec. 53:109, 1947. Collins, C. G.; Jones, J. R., and Nelson, 
E. W.: The Surgical Treatment of Pelvic Thrombophlebitis; Ligation of Inferior Vena Cava 
and Ovarian Veins: Preliminary Report, New Orleans M. & S. J. 95:324, 1943. 

10. Foley, F. E. B.: Personal communication to the author (report to Urologists Corre- 
spondence Club). 
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Numerous authors have reported the use of vena cava ligation in the treatment 
of thromboembolism. However, it has been felt by some that the procedure was 
one which led to considerable disability. Shea and Robertson '' recently reported 
a follow-up study of 37 patients. They state that there was a marked increase of 
symptoms after the procedure. It must be noted that they made no use of anti- 
coagulants in the postoperative period. This is a very important part of the program, 
for the initial increase of venous stasis produced by ligating the vena cava strongly 
favors activation and extension of the existing thrombophlebitis in patients not 
treated with anticoagulants. Such activation has been noted in four of our patients 
inadequately treated with anticoagulants. Two of these instances occurred while 
the patients were being treated with bishydroxycoumarin (dicumarol*) and two 
when heparin administration was omitted. 

Vena cava ligation is reserved for special groups of patients and is regarded as a 
lifesaving measure. It is not employed for routine prophylaxis of thromboembolism. 
lhe indications for its use are (1) anticipation of further surgery in patients who 
have had a recent embolus; (2) inability to control thromboembolism satisfactorily 
by means of the usual anticoagulant therapy, and (3) septic thrombophlebitis in the 
pelvis. 

The technique of the operation is simple and consists of using a right lumbar 
sympathectomy approach, gaining access to the vena cava extraperitoneally. The 
retroperitoneal fat is carefully dissected away from the vena cava; the vena cava is 
separated from the aorta, and two ligatures of 00 cotton are passed about the vena 
cava just above the junction of the iliac veins. Troublesome bleeding may occur 
from the lumbar veins if they are injured. The ligatures are separated about 1 cm. 
and tied tightly enough to completely occlude the vessel. The right lumbar sympa- 
thetic chain is removed routinely in the course of the operation to obviate post- 
phlebitic vasospasm. 

Twelve patients have been subjected to vena cava ligation for thromboembolism 
at the Minneapolis Veterans .\dministration Hospital (Table). For eight patients 
the operation was undertaken because it was impossible, for various reasons, to 
control thromboembolism with anticoagulant therapy. For four patients subsequent 
surgical operations were anticipated ; in these patients vena cava ligation was under- 
taken, because of recent thromboembolism, in an attempt to prevent further emboli 


at the time of contemplated surgery. Two patients of the first group underwent 


additional surgery at later dates. In this group of 12 patients no embolization has 
occurred after ligation of the vena cava. There has been no operative mortality, 
and all patients are alive at present. 

Postoperative hematoma has developed in two patients ; this offered no serious 
problem. Postoperative activation of thrombophlebitis in four patients has been 
mentioned. In these four patients the early postoperative symptoms were more 
marked than in the other eight. 

Some edema persisted in 10 patients and small stasis ulcers developed in 2 
patients, but these were promptly cured by conservative means. Four patients 
complain of a tired feeling in the legs after walking or long standing. 

anita 

11. Shea, P. C., Jr., and Robertson, R. L.: Late Sequelae of Inferior Vena Cava Ligation, 

Surg., Gynec. & Obst. 93:153, 1951. 
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The period of follow-up (1 to 49 months) has been adequate to determine the 


late effects of the operation. Analysis of a group of patients with similarly severe 
iliofemoral thrombophlebitis reveals that symptoms are no severer in the group with 


vena cava ligation than in the group without cava ligation. 

With the exception of one patient who has had an amputation for arteriosclerotic 
gangrene of the leg, the patients get along well enough to earn a livelihood. 

In conclusion, it is felt that vena cava ligation should be used as a lifesaving 
procedure in selected cases of thromboembolism. The results of this treatment are 
satisfactory, and the symptoms which may be seen after this operation are a result 
of ihofemoral thrombophlebitis and are not a consequence of ligation of the 
vena cava. 

SUMMARY 
Twelve cases of vena cava ligation are recorded, and the indications and the 


consequences are discussed. 





INTRA-ABDOMINAL VENOGRAPHY FOLLOWING INFERIOR 
VENA CAVA LIGATION 


CYRIL T. SURINGTON, M.D. 
AND 


AUGUST F. JONAS Jr., M.D. 
ERIE, PA. 


I be 1A TION of the inferior vena cava has become a well-established surgical pro- 
cedure for the prevention of recurrent pulmonary emboli due to venous throm- 
bosis in the lower extremities or pelvis. There are conflicting reports regarding 
the degree of long-term disability following ligation, ranging from complete absence 
of symptoms to virtual incapacitation by massive edema, varicosities, and leg ulcers. 

Several methods have been used in the past for demonstration of the routes by 
which blood can return to the heart, circumventing a ligature of the inferior vena 
cava in the lower lumbar level. Sappey and Dumontpallier,’ in 1862, injected the 
venous system with tallow via the femoral and axillary veins. They divided the 
collateral circulation into the anterior, lateral, and posterior channels. 

In 1940, Batson,? working on the monkey and on cadavers, injected radiopaque 
material into the dorsal vein of the penis and demonstrated part of the potential 
collateral circulation and the importance of the vertebral veins. 

In 1944, Northway and Greenway * doubly ligated the inferior vena cava in 
fresh cadavers and injected a thin suspension of red lead through the internal 
saphenous vein. After roentgenograms were taken, they dissected the venous 
channels. Their results further demonstrated the importance of thé vertebral plexus 
of veins as collaterals following ligation of the inferior vena cava. 


Recently, Robinson * injected a synthetic liquid latex, neoprene, under pressure 
into the saphenous and femoral veins of stillborn infants and studied the collateral 


em 
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circulation by x-ray, dissection, and corrosion methods. His results coincide with 
the clinical and experimental evidence (1) that the vertebral, azygos, and portal 
system of veins play a large role in the collateral circulation following ligation of 
the inferior vena cava, and (2) that the superficial veins rarely become dilated. 
Other less important channels demonstrated from time to time have been the 
ovarian veins emptying into the renal vein or into the vena cava above the level 


of the ligatures, the analogous role of the ureteral veins, and, of course, the inter- 


Fig. 1.—Inferier vena cava above point of ligature clearly demonstrated, already filled by 


reflux. Apparent recanalization is due to superimposition of small collateral vessel. Note promi- 
nent ascending lumbar vessels 


costal veins and segmental veins of the lumbar trunk. None of the methods hereto- 
tore have been used on living human beings. 


Hoping to visualize the collaterals and to demonstrate their relative importance, 


we have developed a technique of venography for this region, introducing a poly- 
ethylene tube of an internal diameter measuring from 1.19 to 2.15 mm. through 
the greater saphenous vein, then rapidly injecting a relatively large amount (about 
50 ce.) of sodium iodomethamate (neo-iopax®) or iodopyracet (diodrast®) and 
quickly taking x-ray exposures, using a Bucky diaphragm beneath the patient. The 
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caliber of the tube is sufficient to allow a large discharge in a few seconds, but we 
have not had the advantage of using a Fairchild camera, which would undoubtedly 
have been a technical aid. 

This method we have applied to three patients two to three and one-half years 
following ligation and also immediately to patients undergoing lumbar sympathec 
tomy. In the latter group we have temporarily occluded the inferior vena cava 
by thumb and finger and given the injection as mentioned above. The pressure 
readings in four cases of ligation of the saphenous vein were 90 to 120 mm. of water 


Fig. 2—Rich anastomosis around uterus, comprising pelvic shunt. Ovarian and ureteral 


veins ascend on left side 


The highest reading was obtained in a case of thrombosis of the right saphenous 
vein. The initial pressure in a normal unligated inferior vena cava was 120 mm. 
of water and rose to 260 mm. on compression with the fingers. 


These slides show the pathways demonstrable roentgenologically. From them 


we may conclude that in practice the following are the principal pathways actually 


in use: (1) ascending lumbar veins communicating with the azygos and hemi- 
azygos veins in thorax, (2) vertebral veins, (3) ovarian veins, (4) ureteral veins, 
and (5) superficial trunk veins, which are the least important. This has been 
confirmed by Robinson and others using infrared photography. 





Fig. 3—Thumb and finger occluding inferior vena cava during lumbar sympathectomy. 
cross anastomoses immediately available. 


RT ASCENDING LUMBAR VEIN 
REPOSITIONED ON LEFT 
FOR CLARITY 


big. 4.—Composite reconstruction showing all venous collaterals demonstrable roentgeno 
graphically 
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The so-called left inferior vena cava is observable in Dr. Barry Anson's trans- 
verse section through the lumbar region viewed obliquely. Dr. Anson * has kindly 
supplied us with the following information about this little appreciated vessel: 
With data immediately at hand, I can report that last year, in 33 laboratory specimens, I found 
4 cases of the variation; this year, in the same number examined, I found only a single example. 
It can also be said that the vessel may be of equal dimension with the regular right inferior 
vena cava (3 cases in 550 cadavers examined), much larger than the right (1 in 550) or smaller. 
The vessel is likely to communicate with left lumbar veins, to pass between the left common iliac 
and the left renal veins, and to receive minute tributaries from prevertebral tissue 


It seems reasonable to us that the unsuspected presence of this vessel may 
account for some of the cases of pulmonary embolism reported after supposed 
complete vena cava ligation.” Further venous anomalies, recently described by 
Edwards,’ may account for other paradoxical embolic situations 


SUMMARY 

From the above observations we know that these collateral routes are immedi- 
ately open and available in normal subjects and infer that little disability will result 
unless there has been preexisting vascular disease or recurrence and extension of 
the same. 


We agree with Moses * that “whenever edema has followed ligation of the vena 


cava or iliac veins, there has been unequivocal evidence of either persistence or 


recurrence of the disease process.” In other words, the long-term disability is due 
to the vascular disease for which the ligation has been done, not to the ligation 
itself. 
DISCUSSION 
Or Papers BY OWENS, AND SURINGTON AND JONAS 

Dr. Josepuus C. Luke, Montreal, Canada: In discussing Dr. Owen’s paper, I should like 
to give a word of caution about the overuse of this operation in thromboembolic disease. It ts 
well known that the previous enthusiasm for vein ligation in this condition is rapidly on the 
wane, and I feel that ligation of the vena cava will soon be in the same category. Dr. Owens 
has stated that this operation is a lifesaving one, but this has yet to be proved, because the 
majority of people who die of embolism do so when such venous thrombosis is scarcely suspected. 
The first unheralded large embolus is the usual one to produce a fatality, and I am sure you 
know of many patients who have had one, two, or three slighter emboli and have recovered 
well with proper anticoagulant therapy. 

Another point in the popularity of vena cava ligation is that it is relatively simple to do, 
a fact that possibly leads to its being used more frequently than it should be. Vena cava ligation 
is indicated only in the patient with high unilateral or bilateral thrombophlebitis, although well 
controlled with anticoagulants, in whom septic emboli continues to form. Such a case is 
extremely rare, and I have been looking for one for the past two years. 

Finally, a follow-up of 1 to 48 months is not nearly long enough to assess the damage that 
can be done by ligation of the vena cava. The postphlebitic ulcers, which are all too common 
after this operation, may be delayed for 5 to 10 years following its performance. I feel there 
is no doubt that this operation will result in many more chronic postphlebitic cripples and that 
long-term results in the way of bad legs do not repay the occasional case in which it might 
appear to be indicated. 

—emseiniitaione 

5. Anson, B.: Personal communication to the authors. 

6. Boyd, D. P.: Ligation of the Inferior Vena Cava: Report of 4 Cases, Lahey Clin. Bull. 
7:152-154, 1951. 

7. Edwards, E. A.: Clinical Anatomy of Lesser Variations of the Inferior Vena Cava; and 
a Proposal for Classifying the Anomalies of This Vessel, Angiology 2:85-99, 1951. 

8. Moses, W. R.: Ligation of the Inferior Vena Cava or Iliac Veins: A Report of 36 Oper- 
ations, New England J. Med. 235:1-7, 1946. 
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Dr. Ormanp C. Juttan, Chicago: Dr. Luke has anticipated some of my feelings about 
vena cava ligation. In the last three or four years, during which we have applied vena cava 
ligation for the prevention of embolism, the metamorphosis of our feeling has been revealing 
At first we applied the procedure fairly freely and were satisfied that we were preventing emboli. 
Everyone at that time was satisfied to some degree that their vein interruptions prevented emboli. 
\t present we have gone entirely to the other extreme and are far more satisfied to administer 
anticoagulant therapy only 

However, there are certain observations of patients with vena cava ligations which are of 
interest in relation to Dr. Owens’ paper. Postoperative stasis, even though we have given these 
patients anticoagulant therapy and carefully graded ambulation, has varied from none whatsoever 
to almost total incapacitation up to four years following ligation. 

We have not at the same time seen similar incapacitation in patients who, owing to their 

lone, have these evidences of massive venous obstruction. Therefore, I don’t think it 
is altogether established that the postoperative venous congestion 1s proportional to the severity 
of the disease and not to the ligation 

Dr. Arvin B. Orrner, Louisville: We are a great deal more cautious than previously 
with vena cava ligations. I should like to know how long Dr. Owens has continued anti- 
coagulant therapy after ligations. We too have used anticoagulants associated with vena cava 
ligation and have found frequently that when the anticoagulant therapy is discontinued, after the 
patient is discharged, a more marked edema develops than was present previously. This has 
been interesting because we have noted that some patients, about two months following vena cava 
ligation, will return with marked edema, who, while they were receiving anticoagulant therapy, 
seemed to do very well. We know that although in many of these persons an adequate collateral 
is present, there is a further increase in venous pressure following ligation and additional 
thrombotic disease develops in their lower extremities. I think the procedure should be under- 
taken with the utmost caution and only when anticoagulant therapy has proved absolutely a 
failure 

Dr. Joun Hurst Otwin, Chicago: The previous three discussers have said about what 
I would say, but I should like to add one point. 

I believe that as our knowledge of the control of anticoagulant therapy improves, we will 
be doing fewer ligations. A group of reagents is now available commercially which makes it 
possible to set up in any laboratory the so-called two-stage method for the control of pro- 
thrombin levels. That, | believe, is by far the more accurate method, since it controls con- 
siderably more of the various coagulation and anticoagulation factors than does the one-stage 
method used by most laboratories 

I believe that as the laboratories proceed to the use of this method there will be fewer 
accidents both from bleeding and from clotting 

Dr. Frepertck M. Owens Jr., St. Paul: By and large, our feeling at present is mirrored 
by what the discussers have had to say. We have continually decreased our enthusiasm for 
ligation, but 1 do think there still are cases in which ligation can be done with satisfaction. 

I am not fully convinced, as Dr. Julian said, that the ligation in itself increases the disability. 


It has not been true in our group of patients. Possibly it is a little wishful thinking; I am 
not sure 


QO£ course, it is extremely important to maintain support in these patients. They must wear 


\ce bandages for a prolonged time to decrease the swelling. Some of the patients must wear 


\ce bandages the rest of their lives, but that is also true of many patients with severe ilio- 
femoral thrombophlebitis 


Regarding the duration of anticoagulant therapy, generally we continue anticoagulant therapy 


or three weeks. However, the cessation of anticoagulant therapy is guided somewhat by 
the symptoms that the patient has 


Usually we use heparin because we feel that we can control the situation better with heparin 


R 


than with bishydroxycoumarin (dicumarol®), since our laboratory control is not so good as 
Dr. Olwin’'s 
' 


Certainly the two-stage test is the only good test when one really wants to control anti- 


coagulant therapy by using bishydroxycoumarin. 





IMPEDANCE PLETHYSMOGRAPHY IN STUDY OF 
PERIPHERAL CIRCULATION 
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IGITAL pulse volume studies have proved of great value in the study of the 

peripheral circulation. The methods most commonly used have the disadvan- 
tage that they necessitate placing the digit in an airtight or watertight cylindrical 
compartment. In most of them the tracings are recorded on photographic paper, 
and analysis of data must wait until the film is developed. The present study is 
concerned with a method of recording pulse volume changes by alterations in elec- 
trical impedance of the digit under study. This method requires only the attachment 
of electrodes to the digit and utilizes a direct-writing recorder. 

The biophysical background of tissue impedance and impedance plethysmography 
has been summarized extensively by Nyboer and his associates.' Impedance plethys- 
mograms are recordings of variations in the electrical resistance and reactance of 
segments of the body to intermediate and high frequency alternating currents. The 
impedance pulse tracings reflect the mechanical pulse volume changes which produce 
the alterations in electrical resistance and reactance of the given body segment. It 
is known that the resistance of a conductor is inversely proportional to its cross 
sectional area. Likewise, the electrical impedance of a part is, under certain condi- 
tions, a function of the volume of that part. That is, the electrical conductivity of 
the segment under consideration is directly proportional to the physical volume 
change of the part. 

Thus, with each systole there is an expansion of the segment, with resultant 
increase in the cross sectional area occurring concomitantly with the increased 
volume, and, with diastole, a corresponding reduction in cross sectional area 


Paralleling these changes of a mechanical nature are changes in the number of ions 


present in the segment, and the resulting variations in conductivity produce the 


rr 
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electrical impedance pulse. During systole, when more electrolytes are present, the 
conductivity is greater and the impedance lower; during diastole, when fewer elec- 
trolytes are present, the conductivity is less and the impedance of the digit greater. 

The form of the pulse waves is practically identical with that produced by the 


mechanical plethysmograph * (Fig. 1). The relationship between pulse waves pro- 


duced by changes in electrical resistance and those dependent upon mechanical 
volume changes is apparently a direct one, but obtaining a correlation standard of 
an absolute nature has not, up to now, been possible. However, a relative correla- 
tion standard in terms of impedance has been made possible by the use of a standard 
ohmic resistance value introduced into the tracings for comparing pulse tracings 
made on different occasions and under different conditions (Fig. 2). The fact that 
one is unable to use an absolute standard detracts little from the usefulness of the 
apparatus in the evaluation of the circulation in the digit studied. 


Fig. 1.—Digital mechanical (top) and impedance (bottom) plethysmographic tracings 
obtained simultaneously from third and fourth digits of normal subject. At moment indicated 
by arrow, brachial artery was manually occluded. Close similarity of two tracings is apparent. 
Mechanical plethysmographic record was made by using a water-filled digital cuff registering 
volume changes through an electromanometer 


Our original experiences with Goodyer’s apparatus,® patterned closely after 
the design of DuBois and Nims,‘ convinced us of the potential usefulness of imped- 
ance plethysmography in studying peripheral circulatory problems. The extensive 
calculations required in analyzing the recorded tracings, however, made evident 
the need for a modification of the apparatus. A satisfactory apparatus permitting 
eR 

2. A more detailed comparison of synchronous tracings of mechanical and impedance pulse 
waves is beautifully illustrated in one of Nyboer’s publications.'® 

3. Goodyer, A. V. N.: Observations on the Impedance Plethysmograph, J. Clin. Invest. 
27:356, 1948. 

4. Dubois, D., and Nims, L. F.: An Improved Impedance Plethysmograph, Report 149, 
OSRD, Committee on Aviation Medicine, National Research Council, June 1945. 
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easy calibration and standardization was designed for us by Mr. G. Siddons, of 


the electronics laboratory. With this apparatus tracings can be made quickly and 
sasily, and no calculations are required. 


Fig. 2—Impedance plethysmographic tracings made with standard ohmic resistance value 
imposed on tracings (arrow). A, tracing made at maximal sensitivity, B, tracing made at one- 
half maximal sensitivity. Height of pulse wave tracings and of ohmic resistance value is twice 
as great in the former (.4) as in the latter (B) 


Fig. 3—Impedance plethysmographic apparatus and Sanborn Poly-Viso Cardiette used for 
direct-writing recording 


METHODS AND APPARATUS 


All subjects selected for study were placed in a room maintained at a constant temperature of 
20 C. for most of the studies. Skin temperature was recorded by means of a Leeds-Northrup 
thermocouple equipped with six leads. The thermocouples were placed on the pads of the digits 
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to be studied, as well as on several control digits, and the subject was allowed to reach thermal 
stability for this environment; this usually required an hour or more. After stabilization of 
the circulation, the impedance pulse tracings were made. Small copper electrodes were taped 
on opposite sides of the digit, two on the proximal phalanx and two on the distal phalanx; 
after this the plethysmograph was balanced and the tracing made. The recording instrument 
utilized was a direct-wiring Sanborn Poly-Viso Cardiette (Fig. 3). 

The plethysmograph operates in this manner. A current is impressed upon the digit through 
two of the electrodes, and this current is picked up on the other two electrodes but is balanced 
out to zero by the plethysmograph. Any changes in the reactance of the segment then upsets 
this zero balance and are amplified on the recording device to produce the pulse tracing. 

The diagram in Figure 4 briefly illustrates the mechanism of the plethysmograph. The 
detailed construction of the instrument is omitted for the sake of brevity. The current flowing 
along Path “B” is adjusted to equal that flowing along Path “A.” Path “A” is through the 
subject. The current flow along these two paths is opposite in phase, making the value at Point 
“C,” zero. Changes, however minute, in the subject’s reactance upset this zero balance at Point 
“C,” and this change in balance is amplified by amplifier No. 4 and passed on to the detector. 
This detector compares the output voltage of amplifier No. 4 with a reference voltage provided 
by amplifier No. 3. An increase in the subject’s reactance brings about an increase in the current 
flowing along Path “B,” causing the voltage amplified by No. 4 to be in phase with the voltage 
amplified by No. 3. These voltages, being in phase, are additive in the detector circuit, and 
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ig. 4.—Simplified diagram of apparatus. See text for description. 
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the meter pointer moves to the right. A decrease in the subject’s reactance, on the other hand, 
results in an increase in the current flowing along Path “A,” causing the voltage amplified by 
No. 4 to be out of phase with the voltage amplified by No. 3. These voltages, being out of phase, 
are subtractive in the detector circuit, and the meter pointer moves to the left. The direction 
of movement of the meter pointer is determined by the phase, and the distance the meter pointer 
moves is determined by the amount of change in the subject’s reactance. 


USEFULNESS OF THE IMPEDANCE PLETHYSMOGRAPH 

For a number of years the impedance plethysmograph has proved a valuable 
instrument for studying problems of peripheral circulation in man and as a research 
tool. The utility of the apparatus can best be illustrated by a few specific examples 
of its application to the study of digits in normal persons and in patients with circu- 
lation impaired as the result of vasospastic or obstructive difficulties with arterial 
inflow. 

As is well known, a given person may or may not exhibit similar peripheral 
circulatory characteristics under identical environmental circumstances on different 
occasions. In Figure 5 are shown tracings of the right index finger after circulatory 
stabilization under three different environmental conditions on two separate occa- 
sions. On both occasions the temperature of the finger under study stabilized at 
almost precisely the same level during exposure at 20 C. and similarly during expo- 
sure at 15 C. and at 30 C. The magnitude of the pulse wave tracings correspondingly 
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was almost identical during the two periods of study under these three different 


environmental circumstances. The skin temperature and digital pulsations were 


greater when the subject was stabilized at 30 C. than at 20 C. and was distinctly 
less at 15 C 


Fig. 5—Impedance tracings made on a normal person on two separate occasions, illustrating 
pulse wave stabilization under three different environmental conditions and similarity of response 
during two periods of study 


Fig. 6.—Impedance tracings of the affected left great toe before and after lumbar sympa- 
thectomy in a case of long-standing left iliac obstruction resulting from embolism, compared with 
tracings of the right index finger and right great toe. Top row: Preoperative tracings: A, 
control, right index finger; B, control, right great toe; C, left great toe. Bottom row: Post- 
operative tracings: D, right index finger; E, right great toe; F, left great toe. Increase in 
magnitude of pulsations in the affected left great toe after operation is particularly significant, 
since during postoperative examination, pulsations in normal right great toe and right index 
finger are considerably smaller than those obtained during preoperative examination 
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In other persons, in contrast, the peripheral circulation, as estimated by skin 
temperature and plethysmographic tracings, may differ widely under the same 
environmental conditions from one day to another. This behavior pattern is exempli- 
fied in Figure 6 in which are shown pulse wave tracings made in a patient with 
occlusion of the left iliac artery resulting from embolism. 


A 43-year-old man had been complaining of pain and numbness in the left foot and of pain 
and difficulty with walking since a sudden temporary episode of severe pain in the calf, associated 
with loss of sensation, cyanosis, and coldness of the limb, eight months previously. The acute 
symptoms had subsided with bed rest and with the administration of spinal anesthesia. He was 
known to have rheumatic heart disease with mitral stenosis and insufficiency. At the time of 
admission he was able to walk only with the aid of crutches. The left foot was cooler than the 
right and blanched upen elevation. The peripheral pulses were excellent in the right lower 
extremity and in both upper extremities but were not palpable in the left lower extremity. The 
plethysmographic tracings revealed good pulsations in the right index finger and in the right 
great toe and markedly diminished pulse deflections in the left great toe. When studied under 
the same environmental conditions after left lumbar sympathectomy, the right index finger and 
the great toe were cooler than on the previous occasion and exhibited considerably smaller 
pulse wave deflections than during the preoperative examination. The left great toe was, how- 
ever, warmer than it had been before operation, and it showed pulsations larger than those of the 
contralateral great toe and the index finger. The patient was greatly improved by cperation, 
and a year later stated that his left foot remained warm, of good color, and had normal 


sensation. He noted continued improvement in exercise capacity. 


This example demonstrates that by comparing plethysmographically an affected 
part with more normal digits one can gain a clear-cut insight into the relative status 
of the local circulation. As mentioned before, if an ohmic resistance value is imposed 
on the tracing, 
waves on successive examinations. This study also illustrates the value of the imped- 


one can compare even more accurately the character of digital pulse 


ance tracings in providing objective evidence of increased circulation after treatment 
vy lumbar sympathectomy of a condition resulting from arterial obstruction. . 

by luml ympathectomy of lit resulting from arterial obstruction. An 
example of plethysmographic demonstration of increased digital pulsation after relief 


of proximal arterial obstruction is illustrated in Figure 7. 


The patient was a 33-year-old man with coarctation of the aorta. Before operation the blood 
pressure in the arm was 180/100. No pulses were palpab!e in the lower extremities, and no 
blood pressure reading cou!d be obtained. After excision of the area of coarctation, which had a 
lumen of only 2 mm., and end-to-end anastomosis of the aorta, pulsations were palpable in the 
femoral, popliteal, posterior tibial, and dorsal pedal arteries. By the time of discharge the 
blood pressure was 140/90 in the upper extremities and 180/100 in the lower extremities. Two 
months after operation the blood pressure was 130/80 in the arm and 145/85 in the thigh. 
Electrical impedance tracings were made before operation and during the early postoperative 
period. The pulsations in the great right toe were minimal before operation and adequate 
afterward. After posterior tibial nerve block, they were as large as those in the right index 
finger. 


The value of the impedance plethysmograph in providing objective measurement 
of the influence of sympathectomy in the treatment of a rather unusual incidence of 
Raynaud-like disease is exemplified in Figure &. 

These tracings were made on a 12-year-old girl with severe symptoms of Raynaud’s disease, 
involving all four extremities. Three months before the first impedance recordings were made a 
bilateral lumbar sympathectomy had been performed with good results. The pulsations were 
excellent in the denervated right great toe. They were virtually absent in the normally innervated 
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right fifth finger. They were much greater in the left fifth finger during ulnar nerve block 
Tracings made after bilateral upper dorsal sympathetic denervation revealed full pulsations in the 
two fifth fingers as well as in the right great toe. When last seen eight months later, the patient 
was free of symptoms of vasospasm and had no complaint except for very slight discomfort 


in the calf on walking 
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Fig. 7.—Pulse wave tracings in a case of coarctation of the aorta before and after operative 
repair. Top row: Pulse trac.ngs of right index finger: 4, preoperatively; B and C, post- 
operatively. Bottom row: Pulse tracings of right great toe: )), preoperatively; E, postoper- 
atively ; /, postoperatively during posterior tibial nerve block. Pulsations in right great toe are 
seen to be considerably improved after operation and during posterior tibial nerve block are 


as great as those of index finger. 
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Fig. 8—Plethysmographic tracings in a case of Raynaud-like disease. Top row: Preoperative 
tracings: A, right fifth finger; B, left fifth finger during ulnar nerve block; C, sympathetically 
denervated right great toe. Bottom row: Postoperative tracings after bilateral upper dorsal, 
as well as lumbar, sympathectomy: D, right fifth finger; E, left fifth finger; F, right great toe 


Figure 9 illustrates impedance tracings in the case of a 16-year-old girl with a 
tendency toward generalized vasoconstriction and specific complaints in the left leg 


following arthrotomy of the left knee two and one-half years previously. 
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Patellectomy and exploratory arthrotomy had been carried out because of long-standing 
complaints resulting from an ununited fracture of the patella associated with chondromalacia 
and degenerative arthritis. The original complaints disappeared after this procedure, but the 
patient experienced persistent burning and itching of the leg while sitting or walking and 
extreme coldness of the foot, all aggravated by damp weather. The foot was cold. All pulsations 


Fig. 9—Plethysmographic tracings in unusual instance of post-traumatic (surgical) reflex 
disorder in 16-year-old girl, with pronounced generalized tendency toward vasoconstriction. 
lop row: Right great toe: A, preoperatively; B, at time of left lumbar sympathetic block; 
C, after left lumbar sympathectomy. Bottom row: Left great toe: LD, preoperatively; EF, 
after left lumbar sympathetic block; /, after left lumbar sympathectomy 


Fig. 10.—Impedance tracings in case of post-traumatic vasospasm. Top row: Tracings of 
left index finger: A, preoperatively ; B, at time of left ulnar block; C, following left upper dorsal 
sympathetic denervation. Bottom row: Left little finger: D, preoperatively; E, following left 
ulnar nerve block; F, following upper dorsal sympathetic denervation. 


were present in the extremity. Symptoms were markedly diminished during a sympathetic 
procaine hydrochloride block. They disappeared completely after left lumbar sympathectomy, 
except for slightly diminished exercise capacity, which was steadily increasing when she was last 
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seen nine months after operation. The plethysmographic tracings revealed very small pulsations 
in both great toes before operation and excellent pulsations in the left great toe after sympathetic 
block and again after operative sympathectomy. 


Figure 10 shows electrical impedance tracings in another unusual case of a 
vasospastic disorder which followed trauma and in which the question of obliterative 
changes in the digital arteries had to be considered. 


A 38-year-old man complained of aching and burning pain in the left fifth finger, intensified 
by exposure to cold. These symptoms had appeared two months previously, approximately three 
weeks after a minor injury to the metacarpophalangeal joint of this digit. The finger tended to 
remain cyanotic and cool, and these alterations were exacerbated on exposure to cold. He 
complained of itching and burning in the finger which ceased when h 


was in a warm 


environment. The subjective complaints were apparently made worse when the hand was 


immersed in hot water and were relieved when the hand was immersed in cool water. The 
radial and ulnar pulses were good, and digital pulsations were palpable in all fingers except for 
the affected fifth finger of the left hand. There was no evidence of arterial obliterative disease 
in the lower extremities. All symptoms were relieved after upper dorsal sympathetic denervation, 
and the patient was entirely well when last seen eight months after operation. The plethysmo- 
graphic tracings showed excellent pulsations in the other digits but extremely small pulsations 
in the affected left fifth finger. These pulsations became much greater after left ulnar nerve block 
and after left upper dorsal sympathectomy 


COM MENT 

The impedance plethysmograph is an effective method for recording pulse volume 
changes. In our hands, it has proved far easier to use than any mechanical digital 
plethysmograph which we have employed. It requires no digital cuff, and it is as 
readily applied to toes as to fingers. Its direct-writing mechanism provides imme- 
diate tracings. Though we have been concerned in the present study with its use 
only in digits, it can be utilized for study of larger body segments as well, for 
example, legs or forearms. Though our study has been limited to its usefulness in 
the study of pulse waves, Nyboer and his associates ° and White ® have discussed 
its value in the quantitative estimation of blood flow, pulse volume, and cardiac 
output. 

We are convinced that, as a general rule, no special instruments are required 
in order to establish the diagnosis, determine the best treatment, and evaluate the 
result of therapy in most cases of peripheral circulatory disorders. There are, how- 
ever, special circumstances when apparatus permitting objective measurement of 
one or more components of the peripheral circulation are of real value in the manage 
ment of such cases. There is a very real need for such refined instruments in 
studying the basic physiopathologic mechanisms at play in the various circulatory 
disorders and in evaluating more carefully the nature of response to specific treat- 
ment. The electrical impedance plethysmograph is an important addition to this 
armamentarium. It is not only valuable in studying problems of circulation in the 
human, but it is also an important research tool for investigation upon laboratory 
animals. Elsewhere, we have described experiments in which certain reflex changes 
in the foot of the dog were detectable by impedance plethysmography, with the ani- 


5. Nyboer.».¢ 


6. White, H. L.: Measurement of Cardiac Output by a Continuously Recording Conductivity 
Method, Am. J. Physiol. 151:45, 1947. 
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mal asleep but not anesthetized with barbiturates, changes which were not demon- 


strable when the animal was anesthetized deeply enough to permit use of a mechanical 
plethysmograph.’ 


SUMMARY 


The electrical impedance plethysmograph is a useful instrument for studying prob- 
lems of the peripheral circulation. A simple impedance apparatus has been described 
and its applicability in the study of circulatory disorders has been illustrated. 


DISCUSSION 


Dr. Joun T. ReyNnouips, Chicago: Any instrument which will increase our ability to 
diagnose the condition of the circulation in the terminal extremities is of great help, and the 
ease with which the impedance plethysmograph can be used should encourage its widespread use. 

I should like to ask Dr. Coxe if he has had any experience using this instrument in the 
following two conditions: (1) in patients with thromboangiitis obliterans, and (2) in patients 
with traumatic injury to the great vessels. In thromboangiitis obliterans, such specific readings 
in the toes before and after sympathectomy might readily allow us to decide in which toes the 
response will be favorable to sympathetic block and in which toes gangrene will develop as a 
result of sympathectomy. In a case of great vessel injury (popliteal, femoral, brachial) it would 
seem to me that such an instrument, which could readily measure changes in a condition of the 
peripheral circulation, would help to differentiate spasm from definite organic damage. A 
more precise diagnosis concerning the condition of the artery would aid in the management of 
the two conditions. 


Dr. Witt1AmM Coxe, Indianapolis: We have used it in most types of peripheral circulatory 
disorders but have not used it in thromboangiitis obliterans in the manner which Dr. Reynolds 
described. 

7. Freeman, L. W.; Shumacker, H. B., Jr., and Radigan, L. R.: A Functional Study of 
Afferent Fibers in Peripheral Sympathetic Nerves, Surgery 28:274, 1950. 
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URGICAL attempts to enlarge the orifice of the mitral valve, previously con- 

stricted by disease, were consistent failures until the principle of cutting or 
splitting the scarred valve ring at the commissures was recognized by Bailey in 1946. 
At that time Bailey performed a digital dilatation of the valve in a severely ill 
patient and obtained a marked temporary improvement. He recognized at autopsy 
that the valve enlargement which had resulted from the dilatation was due to tearing 
directly at the location of the commissures. He and his group have since developed 
more accurate methods of commissurotomy to accomplish this result.’ 

Previously, in 1925, Souttar* had accidentally produced a commissurotomy 
during digital dilatation of the mitral valve. He did not, however, realize what 
fundamental principle was involved. 

In 1948 Harken, Ellis, Ware, and Norman * described their experiences with a 
procedure in which they removed a segment of the valve ring in the regions of the 
commissures with a valvulotome. This form of commissurotomy has been used by 
Harken in a limited number of cases, he and his associates having found that the 
same success of dividing the valve in the region of the commissure may be obtained 
in many cases by digital manipulation or “finger fracture.”’ * 

Whether produced by a cutting instrument or by finger fracture, the division 
in the line of pathologic fusion of the valve leaflets anteriorly and posteriorly has 

Read at the Ninth Annual Meeting of the Central Surgical Association, Toronto, Canada, 
March 8, 1952. 

From the Department of Surgery, University of Illois College of Medicine, The Chicago 
Memorial Hospital, The Veterans Administration Hospital, Hines, Ill., and St. Luke’s Hospital, 
Chicago. 

Reviewed in the Veterans Administration and published with the approval of the Chief 
Medical Director. The statements and conclusions published by the authors are the result of 
their own study and do not necessarily reflect the opinion or policy of the Veterans Admin- 
istration. 
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been amply demonstrated to be the method of choice for enlargement of the stenotic 
orifice. 

The surgical interest in mitral stenosis and the demonstration that the lesion may 
be functionally corrected have stimulated study of the natural course of the disease 
in relation to determining which patients with mitral stenosis should be operated 
upon and which should be left alone. Accurate determinations of the intracardiac 
pressures and of cardiac output, as determined by methods of cardiac catheterization, 
have contributed materially to the understanding of the functional pathology of 
mitral stenosis. 

There is wide variation in the rate of development of the clinical features of 
patients with mitral stenosis, but a fairly steady progression through various phases 
is well recognized. In the early course of the disease the valvular lesion may be 
manifest only in the physical sign of the murmur which it produces. The patient 
in this stage need not have eny symptoms whatsoever which are really dependent 
upon the lesion. The development of symptoms from this point will be dependent 
upon two factors: The degree of stenosis of the valve increases as more scar tissue 
and calcium are deposited, or the efficiency of the heart muscle diminishes with age 
or with a continued low-grade myocarditis. There will be dyspnea on exertion, 
probably largely due to the inability to increase cardiac output sufficiently on demand. 
Later the effects of elevated pulmonary pressure make themselves known by pul- 
monary edema which leads to cough as well as dyspnea on exertion. As the pul- 
monary vascular pressure continues to rise, hemorrhage may occur into the air 
spaces. The attacks of pulmonary edema ordinarily develop as the patient is sub- 
jected to too much exertion, and recovery occurs as he is managed by bed rest 
and other medical supportive measures. 

In the later stages of the disease the increased right heart circulatory resistance 
produces right heart failure, and, consequently, a tender liver or edema of the lower 
extremities develops. With deterioration of the myocardial reserve this right heart 
failure becomes more and more resistant to treatment by rest and in the late stages 
becomes intractable. From the standpoint of surgical intervention, the effect of 
long-standing pulmonary hypertension on the vascular system of the lung is one 
of the most important problems. It is rather clear that if a high degree of pulmonary 
arteriosclerosis has developed relief of the obstruction at the mitral orifice by 
surgery will be of relatively little benefit. 

The effect of chronic passive congestion on the liver depends on the duration of 
the right heart failure but effects very important changes in liver functions, which 
may advance to such a degree as to make surgery impractical. 

In order properly to select patients for surgery and to discuss the reasons for 
selection, a classification of the clinical stages of the disease, based on this scheme 
of development, is necessary.’ It must be remembered, moreover, that the clinical 
features of the patient are the result of the state of the myocardium and the efficiency 
of all other cardiac valves as well as of the degree and character of the mitral stenosis. 


CLASSIFICATION 


Stage I: Asymptomatic. The only manifestation of the mitral stenosis is the 


auscultatory sign of a murmur. 


5. Lam, C. R.: Commissurotomy in Mitral Stenosis, A. M. A. Arch. Surg. 63:349-361, 1951. 
O'Neill, Glover, and Bailey.1¢ 
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Stage II: Dyspneic. The patient demonstrates dyspnea on exertion because of 
inability sufficiently to increase cardiac output. 

Stage 111: Pulmonary hypertension. Attacks of pulmonary edema appear, pro 
ducing dyspnea, cough, and sputum which is sometimes bloody. Brief attacks of 
right heart failure begin to occur. 

Stage IV: Right heart failure. The increased right heart circulatory resistance 
produces right heart failure manifested by increased peripheral venous pressure and 
increased intrahepatic pressure. In the earlier stages, prior to permanent and irre- 
versible damage to the heart and liver, patients may be improved by medical man 
agement. Later, medical management will fail to correct the right heart failure. 

The good results and the acceptable mortality reported for mitral commissuro 
tomy justify at this time the application of the operation fairly freely in Stage III 
Operation on patients in Stage IV, even though at an increased risk, is justified in 
those who can be brought to some reasonable point of compensation by medical 
therapy and show no marked impairment of liver function. 

Commissurotomy in Stage II has not been widely used up to this point in the 
development of the operation. This conservatism has been due to some doubt as to 
the permanency of the result of operation. It cannot yet be said that the divided 
commissure will not again heal together progressively as time passes. It is signifi 
cant, however, that no instance of recurrence due to this process has yet been 
encountered and reported. Except for this single consideration, there is every 
reason to do the operation in patients with very mild symptoms. As was mentioned 
above, the symptomatology and clinical state of the patient do not reflect only the 
state of the mitral valve. It is significant that the degree of stenosis and the apparent 
change of the process as it has been found at surgery have failed strikingly in a 
number of cases to correlate with the clinical picture, as one of our most extensively 
involved valves was in a case in which the clinical manifestations were comparatively 
minor. An early clinical appearance does not mean an early pathologic change in 
the valve. 

ROLE OF ASSOCIATED VALVE LESIONS 

The outstanding contraindication to mitral commissurotomy, pertaining to the 
condition of other valves, is aortic stenosis. Significant stenosis of the aortic valve 
would contraindicate surgery, primarily because it would in itself be a remaining 
obstruction to left heart output even if mitral stenosis was successfully relieved. Of 
further importance would be the most undesirable combination of aortic stenosis 


and mitral insufficiency if the latter should be produced in a clinical degree by the 


commissurotomy. 

\ortic insufficiency is not as primarily important as stenosis in considering 
surgery on the mitral valve, because if the left heart efficiency is improved by the 
commissurotomy, the left heart output can increase. 

Tricuspid insufficiency in the presence of mitral stenosis must always be doubted 
as an anatomical lesion. It is far more likely to be the result of valve-ring dilatation 
accompanying the right heart dilatation. In any event, the evidence of tricuspid 
insufficiency is not a contraindication to mitral surgery. 

Mitral insufficiency remains the most formidable problem in associated valve 
lesions. The degree of the insufficiency is not accurately determined by the physical 
signs ; indeed, the evidence obtained on auscultation may be totally misleading, even 
as to its presence or absence. The record of the pulmonary capillary pressure wave, 
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obtained by catheterization, provides some clue to the presence of insufficiency but 
not necessarily a quantitative estimate of its degree. Even in the case of certainty 
of the presence of a significant amount of regurgitation through the stenotic valve, 
the possibility of benefit from commissurotomy depends largely on the pathologic 
anatomy of the valve, which governs finally whether stenosis can be relieved without 
increasing the insufficiency. Therefore when insufficiency is present clinically, the 
final determining examination may sometimes be made when the operator palpates 
the valve ring and, holding his finger within the left auricle above the mitral orifice, 
feels the jet of regurgitant blood during ventricular systole. He then can make a 
decision as to the degree of insufficiency and as to the likelihood that commissuro- 
tomy will increase it dangerously, the latter calculation on the basis of the amount 
and distribution of the calcification of the valve. 


PREOPERATIVE PREPARATION 

The preoperative period is devoted to bringing the patient in any stage of the 
disease into the best possible myocardial sufficiency. Digitalization was employed in 
most cases because most of the patients had some degree of right heart failure, but 
it was not used in the absence of such failure. Salt restriction and, when necessary, 
diuretics were carefully used to rid the patient of excess fluid. Urinary output and 
daily weight charts determined the success of the drying-out regimen. Reduction 
of the peripheral venous pressure, when it was elevated in right heart failure, was 
required during the preoperative period. No attempt was made to restore auricular 
fibrillation to normal rhythm preoperatively. Evidences of active rheumatic dis- 
ease were looked for, and operation was deferred if an elevated sedimentation rate, 
a daily temperature elevation, or an active arthritic process was encountered. 
Increased pericardial fluid must be taken to mean some activity in the pericardium 
or epicardium, but it has been found at operation so frequently in these cases that 
its demonstration preoperatively did not postpone surgery. 


ANESTHESIA 

The preoperative medication has been kept relatively light, using small doses of 
meperidine hydrochloride supported by barbiturates. Atropine was given routinely, 
more for its vagal blocking effect than to control secretions. Any considerable period 
of anoxemia was avoided by rapid induction of the anesthesia with thiopental sodium 
and curare intravenously and the quick control of respiration through a cuffed intra- 
tracheal tube. Use of this rapid method of induction has made it unnecessary in any 
instance to postpone surgery because of the patient’s reaction to anesthetic agents, 
as is the case occasionally when slower induction is used. 

The anesthetist shares the responsibility of the surgeon in controlling the irrita- 
bility of the heart. The surgeon does his part by the infiltration of structures with 
procaine hydrochloride, the anesthetist doing his part by the continuous intravenous 
administration of 0.5% procaine hydrochloride in glucose solution and, when needed, 
additional atropine. We fear a slow pulse during the course of surgery as being an 
unstable rate and one that may easily produce an abnormal rhythm, while tachy- 


cardia seems to be dangerous principally because it reduces the output efficiency 
of the heart. 


The anesthesia was maintained on nitrous oxide, oxygen, and ether. Curare was 
administered throughout the anesthesia for the purpose of facilitating the controlled 
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pressure respirations. The amount of ether and nitrous oxide was kept at a mini- 


mum, and the ether used averaged 30 cc. in this series. 


OPERATIVE PROCEDURE 


The patients in this series have been operated upon according to the principles described 
by Bailey and his associates. The anterolateral approach has been retained because we con- 
sider the supine position to be the optimum one for the patient in cardiac disease. In one 
instance this practice was a disadvantage because the unusually posteriorly placed valve, in 
a patient with a huge right ventricle and resultant rotation, was difficult to enter with the 
commissurotomy knife 

Che patient is placed on the operating table with the left shoulder and hip elevated. The 
arm is held on a suitable support above the head, with care to prevent nerve injury. The 
left chest is entered through the third interspace, the incision extending from the sternal 
margin to the posterior axillary line. One-half per cent procaine hydrochloride infiltration of 
the intercostal nerves serves to prevent undesirable reflexes and helps to keep anesthetic agents 
to a minimum. Resection of a portion of the third and fourth costal cartilages produces free 
motion of the adjacent ribs and reduces postoperative discomfort. Careful attention is paid 
to the position of the lower blade of the self-retaining retractor, so that it does not rest on 
the left ventricle. The left lung is loosely protected with a pack, and after thorough infiltration 
with 0.5% procaine hydrochloride, the pericardium is incised longitudinally, 1 cm. posterior to 
the phrenic nerve. This incision extends generously upward to expose the pulmonary artery 
and downward only a short distance below the left auricle to prevent protrusion of the cardiac 
apex through the defect. 

The individual variation of the shape and size and complexity of the auricular appendage 
has been great, and careful consideration is given to the stresses of drawing up on the purse- 
string sutures of medium silk, which are placed about its base. The placement of these sutures 
is preceded by procaine hydrochloride infiltration of the epicardium and auricular myocardium. 

Absolute security from slipping of the clamp which is next applied at the base of the 
appendage has been attained by using a Potts’s principle toothed clamp, suitably curved to fit 
the wound and the auricle. The teeth of this clamp do not damage the myocardium. Under 
the hemostasis of the clamp the tip of the appendage is removed in such a way as to produce 
an elastic stoma which will be comfortably corked when the index finger is inserted. Muscular 
trabeculae which might impede introduction of the finger may be easily brought up from 
between the lips of the opening and cut. As the Potts clamp is removed, the operator's finger 
is carefully placed in the opening and introduced into the auricular chamber. By controlling 
the size of the opening blood loss is avoided without traction on the purse-strings 

Digital examination of the valve and estimation of the regurgitant jet at this step provide 
an opportunity for comparison with the physical examination of the heart, which, as experience 
grows, should increase the ability of the surgeons to make more and more detailed anatomic 
diagnoses preoperatively. 

When it can be done without undue pressure, finger fracture of the commissures is accom- 
plished by rolling the finger tip into the orifice in such a way as to place the stress on the 
valve ring at the point of fusion. A general dilating force is carefully avoided, as it is likely 
to produce a tear in one of the leaflets. If the commissure resists fracture, or if on palpation 
it seems unlikely that good fracture can be done, the finger is withdrawn partially and a 
modified Bailey type guillotine knife is inserted alongside the finger to cut the commissures. 
We have found this method of knife introduction to be less cumbersome than the use of a 
second glove to sheathe the knife. 

Withdrawal of the finger at the completion of the operation is accompanied by little blood 
loss as the purse-string sutures are drawn up, first the inner one for hemostasis and then the 
outer one more firmly for security. Any doubt as to the safety of these sutures leads to the 
application of a suture ligature over them. The cuff of appendage usually requires trimming 
to reduce the amount of tissue distal to the constricting ligatures. Closure of the cuff with fine 
silk does not seem necessary. 

The pericardial incision is only partially sutured, and, as the thoracotomy wound is repaired, 
closed drainage of the chest is instituted. 

















sehen emma mee ont 


oe 


M. A. ARCHIVES OF SURGERY 


FINDINGS AT OPERATION 

The most significant observation as to valve pathology has been its lack of corre- 
lation to the clinical state of the disease. Forty-two patients have been operated 
upon. Of these, 9 were in Stage II, 24 were in Stage III, and 9 were in Stage IV 
(Table 1). No relationship appears between these groupings and the valve types 
found. 

In the 42 patients finger fracture of the commissures was satisfactorily accom- 
plished in 16, the commissures were cut in 19, and a combination of finger fracture 
and commissurotomy with the knife was done in 5. Estimated valve length varied 
from 4 to 8 mm., and the distance between the valve leaflets was about 2 mm. when 
they were fixed by calcification. A regurgitant jet was felt in varying force in 8 
of the 42 patients. After commissurotomy the force of the jet did not increase in 
any of the patients, it was felt to decrease in some, and it strikingly disappeared in 
one patient. In one patient the force of the regurgitant jet and the extreme calcifi- 
cation of the valve led us to abandon the commissurotomy as almost certainly to 
produce a serious increase in regurgitation without greatly relieving the stenosis. 

Sixteen of the patients have been operated upon during chronic auricular fibrilla- 
tion. There has not been any observable difference in the reaction of these hearts 


Tasie 1.—Selection of Patients 


No. of Patients Stage No. of Patients 


to manipulation as compared to those in normal rhythm. We have been interested 
to note two types of auricular activity in fibrillation. In one type the auricle makes 
contractile movements at a fairly regular rhythm and rapid rate. The systolic phases 
of these contractions do not by any means approach the completeness of the con- 
tractions of the auricle in sinus rhythm, but they are well-organized, systematic 
contractions. In the second type the auricle appears to be in a state of distention 
and makes no visible contractions at all. Fasciculation was looked for and found 
to be absent. 
POSTOPERATIVE MANAGEMENT 

During operation and during the immediate postoperative period it is extremely 
important that the intravenous administration of blood or fluids be curtailed to the 
minimum necessary. Overloading of the circulation is dangerous, and this point 
requires the closest attention of all concerned. 


One of the most prominent postoperative dangers in young patients is a recru- 
descence of active rheumatic fever. In spite of a negative detailed clinical appraisal, 
it is well established that smouldering, active rheumatic fever may be present. That 
surgery may precipitate clinically active rheumatic fever is illustrated by two 
instances in this series in which it occurred. In spite of considerable trepidation 
on the part of the surgeon, one patient was treated effectively with cortisone, 
beginning on the fourth postoperative day, without any untoward effects on wound 


healing. The other patient was managed on conventional salicylate therapy. 
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After commissurotomy the patient should be closely followed by the cardiologist. 


Increasing activity should be supervised, since in patients in the advanced stages of 


the disease the rebuilding of cardiac reserve may depend largely on the improvement 
in the efficiency of the strained right ventricle. Rash behavior on the part of the 
patient may forestall the possibility of improvement. 

No attempt was made postoperatively to bring a previously fibrillating heart into 
normal rhythm. However, the patients with new occurrences of auricular fibrillation 
were vigorously treated by quinidine or by alteration in the digitalis dosage. 

The complications of thoracotomy as well 


as those peculiar to intracardiac 
surgery are carefully watched for (Table 2). 


Atelectasis has been encountered in 


Paste 2.—Postoperative Complications (42 Cases) 
i 


Thoracotomy 
Wound infection . 
Atelectasis 
Pleural effusion 
Cardiac 
Auricular fibrillation (previous normal rhythm) 
Reactivated carditis 
Decompensation 
Progressive tamponade 
Embolie episodes 
Others 
Renal failure . 


Rheumatic joint involvement 


TABLE 3.—Analysis of Mortality 


Days 
Stage of After 
Patient Disease Cause of Death Surgery 
M. M. 


Loculated pericardial effusion obstructing right heart inflow 31 
P. ¥. Hepatic failure and renal failure 


H.W. j Cardiac and liver failure § 


N.S ’ Cardiae failure 


oS 
H. McC. Sudden death, cause unknown (not in hospital) (diabetic) 40 


a high proportion of the patients in this series, which fact raises the question of some 
predisposition due to lung changes in chronic pulmonary hypertension. 


Embolism of a peripheral artery has occurred in three patients. This has raised 
the question of anticoagulants being given postoperatively. We have not applied this 
treatment as yet. 

Pericardial effusion is avoided by the incomplete closure of the pericardium, 
but one fatal instance was encountered. This complication, as is shown in Table 3, 
accounts for a postoperative death in a good-risk patient. In this patient the effusion 
was localized posteriorly where it obstructed right heart inflow and was entirely 
hidden by the heart shadow. Careful routine fluoroscopy just before the patient's 
discharge from the hospital will make another such occurrence unlikely. Three of 
the other deaths shown in Table 3 occurred in poor-risk patients. They had been 
in intractable right heart failure and showed evidence of liver and renal damage 
Two died of continuing cardiac failure, while the other died in renal failure. 
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TasLe 4.—Results of 


Stave of Disease 

Ilf. Repeated hemop 
tysis 

Ill. Early right heart 
failure 

IV. Late right heart 
failure 

lif. Early right heart 
failure 


lil. Early right heart 
failure 


Il. Repeated right hear 
failure 

Ill. Repeated hemop 
tysis 

IV. Severe right heart 
failure, liver damage 


Ill. Pulmonary hyper- 
tension 


If. Dyspnea only (dia 
hetic) 


Ill. Early right heart 
failure 


Ill. Hemoptysis, one 
acute failure 

Itt. Transient right 
heart failure 


I\ Late right heart 


failure 


I\ Late right heart 
failure 


I1l. Early right heart 
failure 

Ill. Transient severe 
right heart failure 


IV. Late right heart 
failure 

lV. Severe right heart 
failure 

LIl. Hemoptysis 

Il. Dyspnea 

lil. Hemoptysis, 
bral embolism 

Ill. Hemoptysis 


Ill. Dyspnea, popliteal 
embolism 


Ill. Hemoptysis 


I1l. Hemoptysis, right 
heart failure 


IV. Right heart failure 


IIL. Right heart failure 

LV. Right heart failure, 
persistent 

IIL. Hemoptysis 


Il. Dyspnea 
Il. Dyspnea 
Ill. Right heart failure 
Il. Dyspnea 


Il. Dyspnea 

IV. Severe right heart 
failure 

Il. Dyspnea 

Il. Dyspnea 


Ill. Right heart failure, 
cerebral embolism 

If. Right heart failure, 
cerebral embolus 

Ill. Hypertensive right 
heart failure 

IV. Right heart failure 


Vitral Valve 


Type of Valve 

Thick, calcified, 
fibrotle 

Caleified, thick 


Thick, calcified 
Thick, calcified 


Thick, calcified 
valve, regurgi- 
tant 

Heavily calcified 


Thinly calcified 


Heavily calcified 
valve, regureg! 
tant 

Thick, caleified 
valve, regurei 
tant 

Tough, fibrous 
nonealeified 


Dense, calcified 


Thinly calcified, 
fibrous 


Heavily calcified 


Thick, calcified 
valve, regurgi- 
tant 

Tough, fibrous, 
nonealecified 

Calcified, severe 
regurgitation 


Heavily calcified 
Dense, calcified 
Caleified 


Fibrous 
Fibrous 
Caleified, regur 
gitant 
Touch, fibrous 


Fibrous 


Caleified 


Surgery 


Type of Operation 
Commissurotomy 
Commissurotomy 
Finger fracture 
Finger fracture 
Finger fracture; 
regurgitation 
abolished 
Finger fracture 


Finger fracture 
Commissurotomy 
Finger fracture 
Finger fracture 
atter initial cut 
Finger fracture pos 
terior, commissur 
otomy anterior 
Finger fracture 
Posterior commis 
sure cut, ante 
rior fractured 
Finger fracture 
Finger fracture 
None 
Finger fracture 
Finger fracture 
Finger fracture 


Commissurotomy 
Commissurotomy 
Finger fracture 


Commissurotomy 
Finger fracture 


Commissurotomy 


Left atrium filled with thrombus; no 
commissurotomy performed 


Caleified, regur- 
eitant 

Fibrous 

Calcified 


Fibrous 


Fibrous 
Fibrous 
Fibrous 
Fibrous 


Fibrous 
Fibrous 


Fibrous 


Tough, fibrous, 
calcified 

Fibrous, slightly 
calcified 

Fibrous 

Fibrous, regur 
gitant 


Calcified 
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Commissurotomy 


Finger fracture 
Commissurotomy 


‘ommissurotomy 
finger fracture 


‘ommissurotomy 
‘ommissurotomy 
sommissurotomy 


‘ommissurotomy, 
finger fracture 


‘ommissurotomy 
Commissurotomy 


Finger fracture 
Commissurotomy 


‘ommissurotomy 
omnmussurotomy 
‘omumissurotomy 


‘ommissurotomy 


Results 
Excellen 


Death in 1 mo 


Moderately im 
proved 


Excellent 


Moderately im 
proved 


Excellent 
Excellent 


Death in 5 days 


Not improved 


Excellent until 
late sudden 
death, C.V 

Excellent 


Excellent 


Moderately 
improved 


Death in 5 days 


Excellent 
Not improved 
Excellent 


Death, heart 
failure 
Moderately 

improved 
Excellent 
Excellent 
Moderately 

improved 
Moderately 

improved 
Excellent 


Moderately 
improved 
Not improved 


Moderately 
improved 


Excellent 
Not improved 


Excellent 


Excellent 
Excellent 
Excellent 
Moderately 
improved 
Excellent 
Moderately 
improved 
Excellent 
Excellent 
Excellent 
Moderately 
improved 


Excellent 


Excellent 
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RESULTS OF COMMISSUROTOMY 
The follow-up period in this series is from 1 to 16 months. The degree of benefit 
to the patient has been determined clinically. Cardiac catheterization has been used 
preoperatively in somewhat more than half of the patients in this series to evaluate 


the importance of the pulmonary hypertension in complicated cases. Postoperative 


catheterization has not been done routinely but will be applied in instances of failure 
to improve the patient clinically. Excellent results, signifying return to essentially 
normal activity without symptoms, were obtained in 6 of the 8 patients in Stage I], 
14 of the 24 patients in Stage III, and 2 of the 10 patients in Stage IV. Moderate 
improvement, meaning a good degree of increase in the ability to exercise without 
symptoms and reduction or abolition of signs of right heart failure, was obtained 
in one patient in Stage II, six patients in Stage III, and four patients in Stage I\ 
(Table 4). 
SUMMARY 


Forty-two patients have been operated upon for mitral stenosis. The commis 
sures were separated digitally in 16 patients, by cutting in 19, and by a combination 
of both in 5. In two patients no commissurotomy was done. 

In selecting these patients some with early but real symptoms were included 
Consideration of the findings at operation in relation to symptoms strongly suggests 
that commissurotomy at this earlier stage is to be recommended. 

In the follow-up period of 1 to 16 months excellent response was obtained in 22 
patients, moderate improvement was obtained in 11 patients, and failure to improve 
was encountered in 4 patients, 2 of whom did not have a commissurotomy. 

A mortality of five patients is reported. One death was due to late unrecognized 
pericardial effusion; one was due to renal failure with uremia in a patient with 
intractable right heart failure, and two were the result of congestive heart failure in 
patients whose right heart failure was irreversible preoperatively. One sudden 
death from unknown cause occurred in a diabetic patient, eight months after surgery. 
In the interval there had been an excellent response. 


DISCUSSION 

Dr. Ecpert H. Fer, Chicago: I wish to emphasize some of the points that Dr. Julian 
brought out and bring out one of two others that he did not have time to mention in his paper, 
which I had the privilege to read before this meeting. 

It is important to emphasize the fact that a patient with a good history of rheumatic fever, 
fatigue, and the classic auscultatory findings may not be a suitable candidate for surgery 
as thought at the first examination. Some of these patients are neurotic, or only concerned 
by their past history and that they have been told they have a typical murmur of mitral stenosis 
and that surgery is indicated. The cardiac catheterization departments at the Presbyterian and 
Cook County Hospitals have helped greatly in classifying such patients. It was found that a 
rumber of these patients had normal pulmonary artery pressures. Therefore, they belong in 
Group I of Dr. Julian's classification. A commissurotomy was not indicated. 

[Slide] I wish to show some of the results of our preoperative and postoperative catheteri- 
zation studies of a severely sick patient with mitral stenosis. This is the mean pulmonary artery 
pressure, the normal being about 12 to 15. This slide shows a study of two patients, the pre- 
operative shown by the dots and the postoperative shown by the crosshatching. The man 
30 years of age, had a very high pulmonary artery pressure, around 45 mg. of mercury, and 
after exercise it went up to almost 75 mg. of mercury. Three months after operation catheteri- 
zation studies show the pressure down well within normal limits; thus considerable clinical 
improvement was verified by laboratory studies 


In a woman aged 28 with similar findings there was much improvement after surgery 
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[Slide] The cardiac index, that is, the volume of blood per square meter of body surface 
that the heart puts out, normally averages about 2.2 liters. In this preoperative study of the 
man a very small amount of blood went out as compared with normal, and after exercise it was 
increased, showing that he did have some myocardial reserve, which is a good prognostic sign 
After surgery a very excellent result was obtained, almost within normal limits. The same 
applied to the woman. 

[Slide] This slide shows the results of our study, comparing the preoperative and post- 
operative sizes of mitral valves. In our cardiac catheterization study we find that before surgery 
the area in centimeters squared is from 0.5 to 1 sq. cm., as compared with the normal of approxi- 
mately 5 sq. cm. The measurement after surgery is not normal, but in spite of the fact that 
it is less than normal there is fairly normal function. Both these patients have returned to 
normal life. 

[Slide] This slide shows a chest x-ray of a patient who belongs in Class 4 of Dr. Julian’s 
classification. We see a very large heart shadow, and there was very little cardiac reserve 
clinically or shown by catheterization studies. She had mitral stenosis with a decompensation that 
could not be controlled medically. I believe that if we as surgeons are going to contribute any- 
thing to this problem we should not take only those patients who are going to give us a good 
mortality rate. This woman died. We have had a number of patients with conditions nearly 
as severe as this who returned to rather normal lives. 

[Slide] Here is some pathology that no one wants to see following a commissurotomy. This 
is a kodachrome ® of a mitral valve in a 46-year-old man who was operated on in another city 
and came to our hospital to die. We had this postmortem study made, and it shows the valve 
from the auricular side. 

This tear in the valve, which caused a marked insufficiency, is not a commissurotomy. This 
patient died of mitral insufficiency. 

Commissurotomy should be done in line of the commissure, and Sir Lauder Brunten in 
1902 suggested that procedure; in 1925 Sir Souttar, of England, dilated a stenosed valve with 
his finger. The patient recovered and lived for years. Why the procedure has not continued 
to be used I don’t know. 


[Slide] This last slide shows, as most of us are finding, that in amputated stumps a good 
deal of unexpected inflammatory reaction occurs. Here is an Aschoff body and another one 
over here; in about 50% of our cases we find these bodies microscopically in the myocardium 
of the amputated auricular appendage. 


Dr. HENRY Swan, Denver: I think there is no question that one of the most important 
problems at present is the selection of patients. There is also no question that because of the 
occurrence of organic pathologic changes in the pulmonary artery tree there comes a time 
in the course of mitral stenosis when operation on the valve will no longer help the patient. 

We are all familiar with the fact that in the Group 4 type of patient, described by Dr. Julian, 
some have had a very good result, while others have had no improvement, and the mortality 
risk is high. 

It would be highly desirable to be able to distinguish preoperatively between these two 
groups of patients. My colleague, Dr. Blount, has been studying this problem, attempting to 
obtain physiologic data which might be able to make this distinction. By giving exercise 
during the cardiac catheterization we can compare the cardiac index, the pulmonary artery 
pressure, and the so-called pulmonary capillary pressure with the resting determinations. 

The capillary pressure, as you know, is a subject of much argument concerning what is 
being measured when the catheter is pushed as far as it will go. However, ‘it is true that 
you can get back bright-red blood in contrast to pulmonary artery blocd and also that capillary 
pressure is different from pulmonary artery pressure. The supposition is that measurement is 
being made beyond the area of arterial tree block. 

I should like to show two examples of what this type of information may lead to. 

[Slide] Here is a woman aged 49. These are mean pressures of the pulmonary circuit, 
obtained at catheterization. At rest the mean pressure was 40; after exercise it was 68. That 
is a rise in 28 points with exercise. 

If the capillary measurement is taken, however, one sees the capillary pressure is 23 at rest 
and 44 after exercise, so that 21 of these 28 points arose apparently because of the block at 
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the level of the valve, and an increase in the amount of blood in the capillaries, not primarily 
in the artery, occurred. This rise in the left auricle pressure was capable of increasing the 
cardiac index in this patient. 

[Slide] In contrast, this next patient is 20 years old. At rest the pulmonary artery pressure 
is 55 and rises to 70, a rise of 15 points, but in this patient only one of these millimeters of 
rise occurred in the pulmonary capillary bed, whereas there was a 15 point rise in the artery. 
This suggests that the arterial tree now has become so fixed that the right heart cannot push 
blood through the pulmonary tree itself, and therefore in this patient nothing would be gained 
hy cutting the valve. 

It is too early to decide whether this will in fact distinguish these patients. We are now 
taking lung biopsy specimens at the time of operation to compare the physiologic findings 
with the pathologic findings, and we hope in the course of time to be able to evaluate this 
technique 


Dr. Conrap Lam, Detroit: A year ago before this Association I reported 19 cases with 5 
postoperative deaths, 3 of which were obviously due to case selection, and 2 of which were 
thought to be due mainly to technical errors. 

During the last year we have carried out 27 more operations, with 2 postoperative deaths, 
one due to an error in case selection and the other the result of a frank error in technique. A 
ventricular wound was made in the posterior aspect of the heart, and it could not be located 
until it was too late to resuscitate the heart. It is possible with the open knife in the ventricle 
to do some damage. 

I should like to make two simple suggestions with regard to case selection: We find no 
advantage in dividing our cases into a number of classifications, such as 1, 2, 3, and 4. They are 
divided simply into those cases in which an operation is needed and is possible and those in 
which an operation is not needed or is not possible. I think there may be a tendency to with 
hold lifesaving surgery in certain cases because they have been arbitrarily put into a certain 
classification. 

In this connection I should like to ask Dr. Julian if in his two failures in Class 4 he was 
perfectly satisfied with the commissurotomy in those cases. 

In case selection we have had very unfortunate results with those in which there was a very 
marked heaving of the chest wall. There can be hypertrophy of the right ventricle with a 
rather quiet wall; if there is a very busy left chest wall it indicates left ventricular hyper- 
trophy and trouble. 

With regard to technique, I have been unable to get a satisfactory commissurotomy with 
the finger alone in any way approximating the percentage that Julian and others have obtained. 
We have used the knife in three of four cases. I have never regretted taking an extra cut 
at a commissure. I have on several occasions regretted not taking it. 

Dr. WitFrrep G. BicELow, Toronto, Canada: I have nothing more to contribute to this 
discussion other than to endorse the operation. 

I have done 16 operations, with 2 deaths. Those two mortalities were among the first few 
patients operated on, with rather advanced myocardial disease. The remaining 14 patients were 
a fairly carefully selected group. They have had slight to moderate cardiac enlargement, 
moderate to severe disability, and most of them have had either attacks of pulmonary edema or 
of hemoptysis. 

These patients have all done rather well clinically. They have all been improved, and 
their left auricular pressures have fallen from 100 to 300 mm. of water after division of the 
valve. In a little over half the cases the valve was fractured with the finger. 

One point was brought up by the last discusser, Dr. Swan, which I cannot enlarge on very 
much, but we have found that in two instances, in spite of a rather remarkable drop in left 
auricular pressure, postoperative catheterization did not show a corresponding drop in pulmonary 
artery pressure, which I think suggested the importance of more lung studies, which we are 
attempting to do. 

Dr. Epovarp D. Gacnon, Montreal, Canada: I agree with Dr. Julian’s excellent paper 
and with most of the discussers who have spoken about it. 

Our group in Montreal have in the past two years operated on 28 of these patients. Our 
mortality rate has been a little higher; we have lost six patients, but we feel that probably four 
of these deaths could be averted at present. 
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I should like to ask Dr. Julian two questions: How many mitral valves has he encountered 
that were calcified? In how many cases has he found thrombi in the auricles? 

We have been disappointed in the number of thrombi we have encountered in 28 cases. We 
have only encountered three in the auricular appendage, two of them spreading on the wall as 
mural thrombi 


On the other hand, I think possibly one can go astray in evaluating the presence of a 


thrombus in the auricle because of the limitation imposed by the length of the surgeon's 
finger. In 25 of our 28 cases the auricle was so large that with my small index finger I could 


not reach the opposite wall. If one tries to apply pressure to the posterior aspect of the 
auricular wall with the left hand to feel if a thrombus is there, some changes in rhythm are 
produced which are somewhat annoying. 

In the first 18 cases we employed section with the knife, introducing the knife at the same 
time we introduced the finger. We have given up this procedure because on one or two occasions 
we tore the wall of the auricle at the origin of the auricular appendage as we inserted the 
knife. In 5 of these 28 cases we found that there is a stricture; although the auricular appendage 
itself may be very large, there is a stricture where it originates on the wall of the auricle, 
and if this is not realized beforehand and the finger is inserted with the knife the auricle is 
likely to be split. 

In the past 10 cases we have inserted the finger without the knife, and there is much less 
bleeding; we do our exploration, do dilatation or fracture if we feel it can be done easily, 
and if we are not satisfied with that we slip the knife alongside the finger; we find there is 
much more bleeding once the knife is in because the blood comes out between the knife and 
the finger, but the section can be carried out adequately to normal valve tissue. 

Dr. CHARLEs G. JouNsTON, Detroit: I should like to ask whether or not these valves grow 
back together. One might well expect them to grow back, since we do not make a change in 
the pathologic process by cutting the commissure. 

Drs. Jordan and Hellems in our clinic have been studying these cases very carefully. They 
have compared the actual measurement with the finger with the size of the opening by catheteri- 
zation 

Following operation they have studied these patients, and it is their belief that the size of 
the opening does decrease. Nevertheless, this is not related too closely with the patient’s 
physical condition, for despite the fact that the openings are smaller, the patients are doing well 
and apparently are showing no signs of any difficulty so far. 

One patient on whom we operated was a definite Class 4 patient, and a year later we had a 
chance to see his valves; they grew back and were surely no larger than they were when they 
were first cut. 

Despite the fact that this man’s valve was smaller, he had benefited enough from the 
operation to be able to carry on fairly well for a year without decompensation. 

Dr. R. K. Giircurist, Chicago: How is the size of this valve measured? 

Dr. Ormanpd C. Jurian, Chicago: A very pertinent question was raised by Dr. Lam, 
namely, were we satisfied with the commissurotomy in the patients in Class 4 who died? In 
a patient whose intractable heart failure led to his death postoperatively I was not satisfied 
that the amount of commissurotomy had been sufficient even to permit him to survive the 
operation. At autopsy an insufficient commissurotomy was found. In the patient who died of 
hepatic insufficiency a good commissurotomy had been done to both commissures back to the 
region of flexibility. I was satisfied in one case and not in the other. 

Thrombi were found in one auricle. I might say that this was a surprise to us because the 
thrombus was found in a patient who had not had a peripheral arterial embolus, while in five 
other patients who had had a peripheral arterial embolus at some time or other during their 
disease no thrombi were found. 

In two of our patients there have been three postoperative peripheral arterial emboli. This 
certainly is an indictment of any attempt to treat repeated arterial emboli in cardiac patients 
by removing the auricular appendage. We would far better do that with anticoagulant therapy. 

The valve was measured preoperatively by those who accept the validity of the pulmonary 
capillary pressure on the basis of the findings at catheterization. At operation we measured the 
valves crudely by palpation. 
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bis UNSETTLED international situation and the prospect of large numbers 
of casualties resulting from atomic explosions and other catastrophes bring 
into focus the importance of planning methods for the prevention and treatment of 
clostridial infections in wounded persons. The nature of the injuries anticipated in 
such explosions would almost certainly predispose to an increased incidence of 
clostridial infections, particularly gas gangrene, clostridial myositis, and tetanus 

It has been estimated that approximately 120,000 or more casualties would 
occur during a daylight attack by a nominal atomic bomb detonated 2,000 feet (600 
meters) above the average large American city. Of the 80,000 persons surviving 
the first 24 hours, about 40,000 or 50,000 would have received mechanical injuries. 
Lacerations, puncture wounds, and penetrating wounds would result from flying 
glass and debris, while crushing injuries and compound fractures would be caused 
by falling heavy objects such as stones and timbers. The gross contamination of the 
wounds from dirt, clothing, or foreign bodies would tend to predispose to clostridial 
infection, 

A survey of reports comprising 187,936 patients with major open wounds 
indicates that gas gangrene occurred in 3,309 patients or 1.76% of the instances. 
There are reasons to expect a higher incidence of this infection in persons injured 
by an atomic explosion, but if the incidence were the same as for other wounds the 
number of cases of gas gangrene anticipated would be approximately 800 to 1,000. 

Since a delay of 24 to 48 hours in instituting effective treatment of mass casual- 


ties would favor the development of this infection, it has become apparent that in 


the over-all planning for management of gas gangrene prevention is the most effec- 
tive treatment. The departments of biochemistry and surgery have therefore been 
<csasiiaiibanaanine 
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engaged in producing and testing toxoids made for each of the principal bacteria 
capable of causing gas gangrene, i. e., Clostridium welchii, Clostridium novyi, Clos- 
tridium histolyticum, and Clostridium septicum. Many attempts to prepare toxoids 
against these bacteria have been made in the past by various workers, including 
Penfold,? Stewart," Weinberg and Prévot,* Plummer,’ Kolmer,® and Robertson 
and Keppie.’ 

These preparations produced varying degrees of protection when the animals 
were challenged with injections of toxoids or virulent bacteria into healthy intact 
muscle. Lesions produced in this manner were vastly different from those of clinical 
gas gangrene, which are almost invariably associated with large areas of grossly 
contaminated and devitalized muscle, produced directly by trauma or indirectly by 
laceration or thrombosis of nutrient arteries. Consequently, a method was devised 
to produce a standardized severe infection in experimental animals by injecting 
measured amounts of virulent bacteria into closed wounds of the thigh containing 
crushed muscle and sterile pulverized dirt.* This method was used to evaluate the 
etfectiveness of the various toxoids. 


CL. WELCHII TOXOID 

Because of the greater incidence of Cl. welchii in cases of gas gangrene, efforts 
were made to develop a toxoid for this organism first. A preliminary report was 
submitted previously.” Further work has demonstrated the remarkable effectiveness 
of this toxoid for experimental animals. 

The toxoid was produced from filtrates of cultures of a highly virulent strain 
of Cl. welchii in pancreatic digest of beef heart media detoxifying the toxins with 
formalin, concentrating them by precipitation with ammonium sulfate, and pre- 
cipitating them with alum. 

Groups of guinea pigs have been given three injections of this toxoid at intervals 
of 30 days, a dose of 30 L. D.’s being used for the first two injections, and 15 L. D.’s 
for the third or booster injection. Twenty-one to 27 days later, the animals were 
challenged by the injection of 10 to 100 M. L. D.’s of a highly virulent culture into 
closed wounds containing crushed muscle and dirt. 


It has become apparent that if the toxoid inoculations were made subcutaneously 


the degree of protection varied between 60 and 70%. However, if the toxoid 
iil 
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Furste, W. L.; Culbertson, W. R.; Wadsworth, C. L.; Tytell, A. A.; Logan, M. A., and Tytell, 
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inoculations were made intramuscularly, the survival rate varied between 90 and 
100%. Titers of antitoxin for alpha toxin in the immunized animals varied between 
0.05 and 20.0 units per cubic centimeter. All control animals died within 72 hours 
The high degree of immunization produced by this toxoid in some of the groups 
inoculated and a comparison of the percentage of survival with intramuscular and 
subcutaneous injections are shown in Table 1. 

The immunized animals not only survived but acquired either no or minimal 
gross lesions at the site of inoculation (Fig. 1). These results indicate that a highly 
effective and safe toxoid has been prepared for Cl. welchii. In addition, they show 
that intramuscular administration is advisable because this gives a greater degree 
of protection than does subcutaneous injection. 

It is significant to note that this high degree of protection against an otherwise 
severe and fatal infection has been achieved by three intramuscular injections of 
toxoid, without surgical incision or excision of the area of infection. 


TABLE 1. —Cl. Welchii Toxoid Immunization Studies 


Number of Toxoid M.L.D Per Cent 
Animals Number Injection Site Challenge Survival 
H 2s Subcutaneous 10-100 70 
H 2s Intramuscular 10-100 100 


None None 1-100 0 
(Controls) 


H 28 Subcutaneous 100 
H 28 Intramuscular 100 


None None 1-100 
(Controls) 


CL. NOVYI TOXOID 
An alum-precipitated toxoid has also been developed from culture filtrates of 
Cl. novyi containing high concentrations of toxin (10,000 to 20,000 M. L. D.’s per 
cubic centimeter for mice). This toxoid, designated as N 10, is monovalent, and 


contained 115 test doses per cubic centimeter. Three injections were given to groups 


of guinea pigs, numbering 15 to 30, at intervals of four weeks. For the first two 
injections, a dose of 1 cc. was given; for the third, or booster, dose, 0.5 cc. was 
given. Twenty-one to 27 days after the booster dose, the animals were challenged 
by the injection of 1 to 1,000 M. L. D.’s of a highly virulent culture of Cl. novyi, 
which was injected into similar closed wounds containing crushed muscle and dirt 

A high degree of protection was demonstrated in 82 to 93% of the animals 
immunized by the intramuscular route. Subcutaneous injections of the toxoid pro- 
duced a lower survival rate, 60 to 63%. All control animals died of a fulminating 
infection within 72 hours. 

The immunized animals again showed minimal or no gross lesions at the site 
of bacterial inoculation (lig. 2). Assays of the antitoxin titers of the blood showed 
levels of 0.05 to 10.0 units per cubic centimeter in the animals receiving three 
injections of toxoid. 

These results indicate that a highly effective and safe toxoid has also been 
developed for Cl. novyi and that its administration intramuscularly is more effective 
than its injection subcutaneously. 
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Fig. | 
gas gangrene in guinea pigs. .1, appearance of a control, or unimmunized, animal shortly before 
death. Extensive gas gangrene of thigh, flank, and abdominal wall has been produced by 
1 M.L.D. of Cl. welchii three days after challenge. B, absence of gas gangrene in an immunized 
animal challenged 21 days after third toxoid injection. Photograph taken three days after 
challenge with 100 M.L.D.’s of Cl. welchii. Animal survived. C, no evidence of gas gangrene 
seven days after challenge with 10 M.L.D.’s of Cl. welchii. Animal survived. 


Photographs illustrating the effectiveness of Cl. welchii toxoid against experimental 
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CL. HISTOLYTICUM TOXOID 


Our attempts to produce a toxoid from culture filtrates of Cl. histolyticum have 
not as yet been quite so fruitful. Detoxification of the large amount of toxin present 
in culture filtrates has not been difficult, since the lethal activity was inactivated by 
incubation with formaldehyde. The toxoided filtrates, however, still retained proteo- 
lytic activity and, despite the fact that they lost lethal activity, they retained a potent 
necrotic factor which produced lesions at the site of injection. Peculiar deaths in 
mice have been noted several weeks after injection of sublethal doses of toxin. 

The necrotizing factor was then studied and found to be largely, if not entirely, 
due to proteolytic enzymes. A collagenase and a proteinase were isolated from 
culture filtrates of this organism. It was then decided to study the antigenicity of 
these enzymes and to compare the protective effect of toxoids made from purified 
enzymes with that of toxoids made from crude culture filtrates. Four large groups 
of guinea pigs were immunized with one of four toxoids, three injections of 1 ce. 
being used for the first two inoculations and 0.5 ce. for the third inoculation, at four- 
week intervals. The toxoids used were collagenase fluid toxoid, collagenase alum 


TABLE 2.—Cl. Novyi Toxoid Immunization Studies 


Number of Toxoid M.L.D Per Cent 
Animals Number Injection Site Challenge Survival 
20 N 10 Subcutaneous 100-1000 
30 N10 Intramuscular 100-1000 
ll N 10 Subcutaneous 1-1000 
18 N 10 Intramuscular 1-1000 


15 None None 1-10 


(Controls) 
None None 1-100 
(Controls) 


precipitated toxoid (Nos. 1 to 38, containing 500,000 collagen viscosity units per 
cubic centimeter), Cl. histolyticum fluid toxoid, and Cl. histolyticum alum-precipi- 
tated toxoid (Nos. 1 to 4). 

The animals were challenged 21 to 23 days after the third injection by inocula- 
tions of measured amounts of virulent Cl. histolyticum bacteria into closed wounds 
containing crushed muscle and dirt. Half of each group of animals received 1 
M. L. D. and the other half received 10 M. L. D.’s. 

The percentage of survival in the group immunized with purified collagenase 
fluid toxoid was 88.8%, and in the group immunized with collagenase alum pre 
cipitated toxoid the survival rate was 84.6%. 

In the animals surviving challenge, the infections developing at the site of 
inoculation were either small or grossly absent. The survival rate of the group 
immunized with histolyticum fluid toxoid—/0%—was less than that of the group 
immunized with collagenase fluid toxoid. In the same manner, the alum-precipitated 
toxoid, prepared from Cl. histolyticum culture filtrates, gave only 72.7% protection. 

The results of these experiments were quite surprising and unexpected. It was 


thought that the alum-precipitated toxoid, prepared from Cl. histolyticum culture 


filtrates, would give greater protection than the toxoid prepared from purified 


collagenase. This, however, was not the case in the experiments summarized in 


Table 3, or in a similar experiment involving approximately the same number of 
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Fig. 2.—Photographs illustrating the effectiveness of Cl. novyi toxoid in guinea pigs after 
challenge. A, control, or unimmunized, animal with extensive infectious gangrene of thigh, 
flank, and abdominal wall. Note marked swelling and discoloration. B, photograph showing 
absence of Cl. novyi gangrene in an immunized animal challenged with 1,000 M.L.D.’s of Cl. 
novyi 23 days after last toxoid injection. Photograph taken on third day. Animal survived. C, 
similar protective effect in animal immunized with three injections of combined Cl. welchii and 
Cl. novyi toxoid. Animal survived after challenge with 10 M.L.D.’s of Cl. welchii and 100 
M.L.D.’s of Cl. novyi 
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animals. Control animals, which had not received the three injections of toxoid, 
all died within 96 hours after challenge and presented extensive areas of liquetactive 
infection of the thigh and lower back about the site of inoculation ( Fig. 3). 


TasBLe 3.—Cl. Histolyticum Toxoid Immunisation Studies 


Number of M.L.D Per Cent 
Animals Type of Toxoid Challenge Surviving 
% ollagenase, fluid 10 a8 
ollagenase, alum-precipitated 10 84.6 
lL. histolytieum, fluid 10 70.0 
|. histolyticum, alum-preecipitated 10 


(controls 10 


A. 


Fig. 3.—Photographs showing the protection produced in guinea pigs by three injections of 
various types of Cl. histolyticum toxoid. A, control, or unimmunized, animal with extensive 
Cl. histolyticum infection and proteolytic digestion of thigh and abdominal wall after injection 
of 10 M.L.D.’s. B, small localized lesion in animal immunized with three injections of CL. 
histolyticum fluid toxoid. Photograph taken three davs after challenge with 100 M.L.D.’s. C, 
similar evidence of protection against 100 M.L.D.’s of Cl. histolyticum in animal after three 
injections of collagenase fluid toxoid. D, similar result in animal immunized with three, injections 
of collagenase alum-precipitated toxoid. Animals shown in B, C. and PD all survived. 


Although the necessity for further study o: the problem is obvious, the results to 
date indicate that it will be possible to produce a highly effective toxoid against 
Cl. histolyticum infections. 


COM MENT 


Considerable progress has been made in producing effective toxoids for immu- 
nization against experimental gas gangrene produced by Cl. welchii, Cl. novyi, and 
Cl. histolyticum. The toxoids developed for Cl. welchii and Cl. novyi have been 
shown to be very effective in preventing gross infection and death in 82 to 100% of 


the previously immunized animals which were subjected to severe challenge by 1 to 
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1,000 M. L. D.’s of virulent bacteria. All control animals subjected to similar chal- 
lenge died within 72 hours. 

A toxoid for Cl. histolyticum is in the developmental stage. A toxoided prepara- 
tion from crude filtrates of Cl. histolyticum cultures was found to protect approxi- 
mately 70% of the animals to challenge with 1 to 10 M. L. D.’s. Another toxoid, 
made from the purified enzyme collagenase, which was extracted from C1. histolyti- 
cum filtrates, showed a surprising effect in protecting 85 to 90% of the challenged 
animals. 

The protection afforded by these toxoids has been notable because of the severe 
form of challenge used and the absence of any other type of treatment, such as 
incision or excision of the wound or chemotherapy. 

The ultimate goal of our studies is the production of a safe, highly effective 
polyvalent toxoid for use in immunizing patients to the various forms of gas 
gangrene. Although the value of these toxoids in actually preventing clinical gas 
gangrene in human beings has not been proved, there is every reason to believe, 
by analogy with other toxoids, such as those for tetanus and diphtheria, that they 
will be very effective. For example, the antitoxin response to Cl. welchii toxoid in 
over 500 patients has been very similar to that described in the guinea pigs. 

Under the stress and inadequate facilities of treating 40,000 to 80,000 casualties 
after an atomic catastrophe, surgical treatment and antibiotic therapy conceivably 
might collapse to a large extent from the sheer weight of numbers. Surgery might 
often be delayed for 48 to 72 hours, during which treatment might be reduced to 
self-help and mutual aid of the injured. Unfortunately, the first 72 hours after 
injury are most important, and most cases of gas gangrene develop within this 
period, 

Basic immunization of the military and civilian population with gas gangrene 
toxoid, as well as tetanus toxoid, should be carefully considered as a means of 
preventing development of tetanus and gas gangrene in mass casualties under 
conditions in which prompt and adequate surgical and antibiotic treatment would 
be lacking. 

SUMMARY 

\ report is given of the progress of our investigations in the development and 
evaluation of effective toxoids for immunization against the various types of gas 
gangrene. 

A safe and highly effective toxoid for Clostridium welchii has been prepared. 
Animals receiving three injections of it are immune to severe challenge. Inocula- 
tions in-human beings have produced high antitoxin titers in the blood similar to 
those found in the immunized animals. 

A toxoid for Clostridium novyi has also been prepared and found to be very 
efficient in producing a high degree of immunity to experimental infections in 
animals. 

Considerable progress has been made toward the development of a suitable 
toxoid for Clostridium histolyticum, but further studies are necessary before a 
satisfactory and effective preparation is possible. 


The importance of using toxoids for the prevention of clostridial infections in 


the over-all planning for the management of large numbers of casualties resulting 


from an atomic explosion is discussed 
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HIS PAPER is based on a study of 28 cases of retroperitoneal tumors col- 
lected from our private practice and from the records of the Jewish Hospital. 
It is not within the scope of this paper to review in detail the origin, pathology, 
and symptoms of retroperitoneal tumors, since many of the observations recorded 
here are largely confirmations of information already available in the voluminous 
literature on this subject... The historical phase therefore has been deleted from 
this communication. However, additional emphasis will be placed on those aspects 
which appear to warrant it. 
We wish to state at the outset that the present study is concerned only with 
primary neoplasms arising in the retroperitoneal space, that is, the area between 
the peritoneum and the posterior parietal wall of the abdominal cavity. This 
article is not concerned with tumors arising from the urinary tract, adrenals, 
pancreas, and portions of the digestive tract that are situated retroperitoneally. 
y The close anatomic relationship which often exists between retroperitoneal 

neoplasms and neighboring structures is responsible at times for a host of secondary 
‘ pathologic changes and clinical complications and gives rise to a great variety of 
symptom complexes. It is well to bear in mind that the site in which symptoms 
first appear is not necessarily that in which the disease develops. The symptoms 
accompanying retroperitoneal tumors depend largely on the rapidity of their growth, 
whether they encroach on other organs, and the extent and nature of their metas- 
tasis. Thus, a rapidly growing tumor encroaching on the urinary tract may cause 
blockage and interference in the function of the urinary system, or a tumor com- 
pressing the intestine may cause interference with bowel function, flatulence, con- 


stipation, and cramps. Such complicating factors give rise to a rather misleading 





clinical picture and render diagnosis difficult. In summary it may be said that 









the symptoms produced by retroperitoneal tumors are not entirely dependent on 
factors inherent in the growth itself but are influenced also by a variety of other 
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factors, the most important of which are the anatomic configuration of the part 
affected, the type and location of the tumor, and the extent of dissemination of the 
tumor. 

There are no definite pathognomonic signs, symptoms, or laboratory criteria 
on which a diagnosis of retroperitoneal tumor can be made before operation. The 
onset of the disease, although usually insidious, may be acute, and the symptoms 
may vary in duration from several days to several years. In these patients the 
tumors are present in various forms and locations. A study of the cases reveals 
that these lesions may develop in patients in all age groups, although in the 
majority such lesions occur between the fourth and sixth decades of life. This 
is particularly true in the case of malignant neoplasms. The youngest patient in 
our series was a 22-month-old infant with neuroblastoma, and the oldest was a 
69-year-old woman with fibrosarcoma, the average age incidence being 54 years. 
Pilcher * states that malignant retroperitoneal tumors are extremely rare in children. 
In the present series the benign retroperitoneal tumors occurred in the younger 
age groups, the youngest patient being a 32-year-old child and the oldest a 64- 
year-old man, the average age incidence being 31 years. These figures are in close 
igreement with other figures reported in the literature. 

It is generally conceded that retroperitoneal sarcomas occur more frequently 
in males, while the incidence of lipomatous and benign tumors is greater in females. 
Such views are upheld by Slagerman,® Judd and Larson, Mayo and Dixon,’ and 
Pemberton and Whitlock.” In the series reported here, the relationship between 
the patient’s sex and the incidence of malignant growths was somewhat surprising. 
Our records show that retroperitoneal sarcomas occur in women almost twice as 
frequently as in men, there being 14 women and 8 men with retroperitoneal malig- 


nant tumors. \With benign tumors the distribution of the lesion in the two sexes 


was the same, there being 3 males and 3 females. 


Pain, frequently described as cramp-like, stabbing, or dull and gnawing in 
character, was significant in 18 of 22 patients with malignant neoplasms. The 
distribution of the pain varied, although it was usually confined to the area involved 
by the tumor. Anorexia, nausea, and vomiting were frequent complaints, whereas 
constipation and diarrhea were infrequent. None of the patients with benign neo- 
plasms suffered from either pain, nausea, or vomiting. The commonest complaint 
was that of a mass or swelling in the abdomen, which was described by most of 
the patients as being slightly tender. Symptoms referable to the digestive or urinary 
tracts were not infrequent. 

A palpable mass was noted in all patients with retroperitoneal tumors, both 
benign and malignant. The size of the tumor varied; some were fairly small and 
barely palpable, while others filled the abdominal cavity. The location of the tumor 
also varied. In four instances it filled the entire lower portion of the abdomen; 


2. Pilcher, F.: Retroperitoneal Tumors in Children, Canad. M. A. J. 48:505 (June) 1943. 

3. Slagerman, V. R.: Primary Retroperitoneal Sarcoma, California Med. 47:110 (Aug.) 1937. 

4. Judd, E. S., and Larson, L. M.: Retroperitoneal Tumors, S. Clin. North America 13:823 
(Aug.) 1933 

5. Mayo, C. H., and Dixon, C. F.: Retroperitoneal Lipoma, Minnesota Med. 10:272 
(May) 1927 

6. Pemberton, J., and Whitlock, M. E.: Large Retroperitoneal Lipoma: Report of Case, 
S. Clin. North America 14:601 (June) 1934. 
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in one, the entire left side of the abdomen, and in another the entire abdominal 
cavity. In four cases it was located in the lower left abdominal quadrant; in five, 
in the upper left quadrant; in six, in the lower right quadrant, and in five, in the 
upper right quadrant. In two instances the tumor was found to occupy the mid 
abdomen, and in one, the entire upper abdomen. In many instances the mass was 
tender to palpation and was fixed in position or freely movable 

Roentgenography is of considerable aid in the diagnosis of some of these tumors. 
Roentgenograms of the gastrointestinal tract not only eliminate from diagnostic 
consideration the presence of a primary mass in the digestive tract but may clearly 
demonstrate displacement and distortion of the bowel referable to a retroperitoneal 
tumor. Intravenous or retrograde pyelography will also show the presence or 
absence of a urinary tumor or distortion and displacement caused by an extra- 
urinary neoplasm. 

In only 11 of the cases reported here was a correct clinical diagnosis made 
before operation. In six instances it was suspected but not definitely diagnosed 


Among the various diagnoses made preoperatively were ovarian cyst or carcinoma, 


Incidence of Tumors in Twenty-Eight Cases 


Lymphosarcoma 
Reticulum cell sarcoma 
Fibroliposareoma 
Fibrosarcoma 
Liposarcoma 
Paraganglioma 
Neuroblastoma 
Perineurial fibroblastoma 
Ganglioneuroma 
Lipofibroma 

Lipoma 


Cyst (undetermined origin 


fibroid of the uterus, hypernephroma, incarcerated inguinal hernia, carcinoma of 
the sigmoid, pancreas, stomach, and liver. In the female retroperitoneal tumors 
were commonly confused with ovarian lesions. It is significant that retroperitoneal 
tumors simulate very closely a number of closely related diseases of the digestive, 
urinary, and reproductive systems and render correct diagnosis rather difficult. 

The tissues normally present in the retroperitoneal space consist of adipose, 
fibrous, and areolar connective tissue, sympathetic and somatic nerve fibers, gan- 
glions, lymphoid tissue, muscle, blood vessels, and lymphatics. One should expect, 
therefore, tumors to arise from any of these tissues. 

The incidence of the different forms of tumors described in this paper is given 
in the accompanying Table. 


It is the consensus that lymphosarcoma occurs more frequently than other forms 


of retroperitoneal tumors. In the present series there was an almost equal distri- 


bution of the lymphoid, neurogenic, and fibrous and lipoid connective-tissue tumors. 
It is also evident that the malignant tumors occurred more frequently than the benign 
neoplasms, there being 22 of the former and 6 of the latter. The benign lesions 
are generally of little clinical significance except that at times they may grow to an 
unusually large size and cause symptoms because of pressure. 
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Both lymphosarcoma and reticulum cell sarcoma originate from the retroperi- 
toneal lymphoid tissue. Generally speaking, these tumors grow fairly rapidly with 
a tendency to grow expansively and metastasize early. Their rapid growth is 
often associated with degeneration, necrosis, and hemorrhage. In the present series 
there were five cases of reticulum cell sarcoma, and in only one instance could the 
entire tumor be removed; the remaining four were found inoperable. Of the four 
lymphosarcomas, only one was resectable, while the remaining four were too 
advanced to permit surgical extirpation. 

Because both lymphosarcoma and reticulum cell sarcoma arise from lymphoid 
tissue, there is a close anatomic relationship between these two types of tumors. 
Histologically, the tumor parenchyma of the reticulum cell sarcoma consists of poly- 
gonal cells, varying considerably in size and shape and arranged in sheets. The 
nuclei are irregular in outline and stain deeply. Mitotic figures are encountered 
rather frequently, designating a high degree of malignancy. The stroma is moderate 
in amount and shows a fibrillar or reticular arrangement (Fig. 14). 

The close similarity in both architectural pattern and cell morphology of the 
lymphosarcomatous cells to the lymphoid structures is striking and at once suggests 
a genetic relationship.  Tlistologically, the parenchyma of the tumor consists of 
small round cells of about the same size and shape as a lymphocyte. The nucleus 
is also round and hyperchromatic and occupies the major portion of the cell sub- 
stance, while the cytoplasm is scant and forms but a narrow rim surrounding the 
periphery of the nucleus. Mitotic figures are frequent and designate a high degree 
of malignancy (Fig. 1B). 

In this series there were five cases of fibroliposarcoma all occurring in women 
between the ages of 53 and 65 years. In three patients the entire tumor was 
removed, and in the remaining two it was found inoperable. In one instance the 
tumor recurred a year after complete removal. It was removed again and recurred 
four years later. It was again removed but recurred after a year. It was then 
removed for the fourth time, and the patient was well for five years before the 
lesion recurred. It was removed once more, but a year later the tumor reappeared. 
It was then removed for the sixth and last time. 

Microscopically, these tumors consist of two different cell elements, one a fibro- 
blast and the other a lipoblast. The fact that both these types of cell development 
may be found in the same tumor seems to be an observation of some importance. 
It seems that the same ancestral cell in the primitive mesenchyme is capable of 
producing either or both these forms of cells. If this is true, it should lead us to 
look upon this type of mixed fibroblastic and lipoblastic tumor not as a separate 
and distinct tumor type but as a single tumor capable of manifesting various degrees 
of differentiation, Although in a single tumor neoplastic cells of both types are 
found indeper:dently of each other, in large portions they display rather a character- 
istic relationship. The tumors under observation consisted of fibroblasts arranged 
in whorls similar in character to that seen in fibrosarcoma to be described below. 
Mitotic figures were not numerous. The lipoblastic component of the tumor was 
made up of vacuolated fatty cells with the nucleus occupying the periphery of the 


cell, giving it a signet-ring appearance. The lipoblasts were widely distributed 
amidst the fibroblastic elements of the tumor (Fig. 1C). 


There were two cases of fibrosarcoma; in one the tumor was operable and was 
removed, It measured 22 by 19 by 9 cm., and on section, it presented a multi- 
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Fig. 1—4A, photomicrograph of reticulum cell sarcoma. Hemato xylin and eosin stain; « 500 
B, photomicrograph of lymphosarcoma. Hemat: xylin and eosin stain; « 500 
graph of fibroliposarcoma. Hematoxylin and eosin stain: > 35 ) 
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loculated cystic appearance with areas of necrosis and hemorrhage. Microscopically, 
the tumor presented the cellular components and structural patterns characteristic 
of fibrous connective tissue. The cells were elongated and spindle-shaped and 
arranged in closely packed interlacing strands. Occasionally the cells appeared 
spherical or polygonal in shape, while the nuclei were elongated and hyperchro- 
matic and showed few mitoses. There were multiple areas of necrosis and hemor- 
rhage (Fig. 24). 

There was only one case of liposarcoma, which, because of its very large size 
and encroachment on the iliac vessels, could not be removed with safety. A biopsy 
specimen of the tumor was taken. Microscopically, the tumor consisted of small 
vacuolated spherical cells with an eccentrically placed nucleus ; the nucleus was hyper- 
chromatic and in places showed mitotic changes. The stroma was very scant and 
consisted of loose areolar connective tissue with areas of hemorrhage and necrosis 
(Fig. 2B). 

The neurogenic tumors in this series consisted of paraganglioma, neuroblastoma, 
perineurial fibroblastoma, and ganglioneuroma. Of particular interest are the 
paragangliomas which have been rarely observed in the retroperitoneum. The site 
of predilection of these tumors is in the carotid body or adrenals. Since para- 
ganglia are found in the retroperitoneum in the so-called organs of Zuckerkandl, 
one should expect to find here a tumor of paraganglionic origin. Two such tumors 
are recorded in the present series, both showing malignant characteristics. Para- 
gangliomas are usually described as slowly growing, benign tumors. Lattes and 
Waltner * found evidence of malignant growths in 2 of 18 cases studied. In our 
series one tumor was removed from a 20-year-old Negro girl; it measured 20 cm. 
in diameter and was partly solid and partly cystic. The second tumor occurred 
in a man 56 years old and proved inoperable. It was very large, exceedingly 
vascular and spongy, red and purple in color, and fixed over the brim of the 
pelvis. A biopsy specimen of the tumor was taken for microscopic study. 

Histologically, the tumors were made up of nests and cords of large polyhedral 
cells, usually arranged in rosette formation. The nuclei were round and prominent, 
while the cytoplasm was clear, eosinophilic, and finely granular. The tumor cells 
were closely associated with a very large number of thin-walled blood vessels which 
ran between the nests and formed a sort of partitioning wall between them. Wide- 
spread necrosis and hemorrhage were of common occurrence (Fig. 2C). 

Neuroblastoma is commonly found in children and infants and, with few excep- 
tions, occurs primarily in the adrenal gland. In the present series one such tumor 
was found in a 28-year-old woman and another in a 22-month-old infant. Both 
these tumors proved inoperable ; they were very large, averaging 15 cm. in diameter, 
and encroached upon neighboring blood vessels. A biopsy specimen removed 
from these tumors showed on microscopic examination groups of small cells about 
the size of a lymphocyte, with a moderately chromatic nucleus and scant cytoplasm. 
Occasionally, the cells tended to form rosettes or pseudorosettes (Fig. 34). 


There were three cases of perineurial fibroblastoma, all resectable. The largest 


of these tumors was malignant and occupied the entire left retroperitoneal space ; 


it was spongy and in areas cystic and necrotic. The remaining two tumors were 
a PT 

7. Lattes, R., and Waltner, J. G.: Nonchromaffin Paraganglioma of Middle Ear: Carotid- 
Body-like Tumor ; Glomus-Jugular Tumor, Cancer 2:447 (May) 1949. 








350 B, photo- 


sin stain; x 


> 

~ 
- 

L 


sarce 


of fibre 
Hematoxylin and e« 


A, photomicrograph 


micrograph of lip 


, photomicrograph of para- 


~ 500. ¢( 


sin stain; 


sarcoma 


350 


stain ; 


SIN 


ganglioma. Hematoxylin and e 








* 


tay 


n, 
ete 


Fig. 3—aA, photomicrograph of neuroblastoma. Hematoxylin and eosin stain; x 500. B, 
photomicrograph of perineurial fibroblastoma. Hematoxylin and eosin stain; x 125. C, photo- 
micrograph of ganghoneuroma. Hematoxylin and eosin stain; « 350 
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benign and were much smaller in size. One of these arose from the femoral nerve 
and was incorporated within the mass. Believing that the lesion was malignant, 
the operator made no attempt to liberate the nerve from the tumor, and he cut it 
across. Paralysis of the extensor quadriceps muscles developed in this patient. 
The other tumor was also found to arise from a nerve fiber, and here again, the 
nerve was intimately associated with the tumor mass from which it could not be 
freed and was therefore transected. No ill effects followed the sectioning of the 
nerve. Histologically, the tumors consisted of whorls of interlacing bundles of 
spindle-shaped cells with a frequent palisade arrangement, a distinctive appearance 
peculiar to growths of neurogenic origin (Fig. 3B). 

There was one case of a ganglioneuroma in a 3'4-year-old girl. The tumor 
was firm and fixed over the promontory of the sacrum under the aorta and iliac 
vessels. It measured 12 cm. in diameter and could not be set free from the adjoin 
ing large vessels; a biopsy specimen was taken and the tumor left in situ. Micro 
scopically, the tumor consisted of bundles of nerves embedded in a connective 
tissue stroma, and numerous ganglion cells showing one or more processes ( Fig 
36.), 

There was one lipofibroma which measured 10 cm. in diameter. It was firm, 
smooth, and encapsulated and on microscopic examination presented a mixture 
of fibroblastic and lipoblastic cells arranged in an orderly fashion (Fig. 44 ). 

There was one lipoma which measured 13 cm. in diameter and weighed 486 
gm. Microscopically, it revealed a typical lipomatous structure. The entire tumor 
was made up of closely packed polygonal cells with little supporting fibrous tissue 
stroma (Fig. 4B). 

The term retroperitoneal cysts is applied here only to those cysts lying in the 
fatty tissues behind the peritoneum, attached to their surroundings by areolar 
tissue. The origin of these cysts has been the subject of many theories and much 
criticism. No useful purpose will be served by a discussion of such theories here, 
but some of the most accepted facts may be reiterated. 

Retroperitoneal cysts are usually congenital and are most probably of uro- 
genital origin because of their situation and suggestive histology. The fact remains, 
however, that there is nothing absolutely conclusive about their histology, and no 


dogmatic expression of opinion is justified. There are, of course, ample possibili- 


ties of remnants of this embryologic system to render such an origin possible. 
Handfield-Jones * believes that there are strong grounds for assuming that when 
a cyst is found near an unusually small kidney it is of metanephric origin. 

Cysts of urogenital origin occur in both sexes but are commoner in the female. 
Most of the patients are between 15 and 25 years of age. Furthermore, the left 
side of the abdomen is more frequently affected than the right. The cyst noted 
in the present series occurred in a 28-year-old woman; it was very large and 
extended from the pubis to the umbilicus. The clinical impression was that of an 
ovarian carcinoma. At operation, the cyst was found nonresectable and it was 
therefore marsupialized after a small portion of the cyst wall was removed for 
microscopic examination. Histologically, it was made up of fibroblastic and hya- 
nessa 

8. Handfield-Jones, R. M.: Retroperitoneal Cysts: Their Pathology, Diagnosis and Treat 
ment, Brit. J. Surg. 12:119 (July) 1924. 
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Fig. 4.—A, photomicrograph of lipofibroma. Hematoxylin and eosin stain; x 125. B, photo- 
micrograph of lipoma. Hematoxylin and eosin stain; x 125. C, photomicrograph of cyst wall. 
Hematoxylin and eosin stain; « 300. 
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linized connective tissue with scattered areas of hemorrhage and round cell infiltra- 
tion. There was complete absence of an epithelial lining, and consequently the 
exact source of origin of the cyst could not be determined (Fig. 4C). 


COMMENT 


A review of the cases cited in this paper and those reported in the literature 
demonstrates clearly that the diagnosis of retroperitoneal tumors is often beset 
with many difficulties. The early symptoms and signs are by themselves not 
distinctive and are similar to those associated with other forms of intraperitoneal 
or extraperitoneal lesions, notably of the reproductive, digestive, and urinary 
systems. An analysis of the diagnostic facts relating to these tumors shows that 
pain is the most constant subjective symptom and is usually described as cramp- 
like, stabbing, or dull and gnawing in character. It occurred in almost 70% of 
the total number of patients, and in 90% of patients with malignant neoplasms. 
Loss of weight and weakness were not frequent complaints, and most of the patients 
appeared well nourished when first examined. 


The disease often pursues a chronic course. The shortest duration of symptoms 


from onset of illness to hospitalization was 2 weeks and the longest 10 years, the 


average duration of symptoms being 2’ years. The average duration of symptoms 
in the large majority of patients, however, was six to seven weeks. 

Physical examination revealed certain significant findings. In some of the 
patients a secondary anemia was present, and blood transfusions were required. 
\n abdominal mass was felt in each of the 28 patients in the present series; the 
mass was either fixed or freely movable and often tender to palpation. 

Twelve different forms of retroperitoneal tumors were found and described. 
These included lymphosarcoma, reticulum cell sarcoma, fibrosarcoma, liposarcoma, 
fibroliposarcoma, paraganglioma, neuroblastoma, perineurial fibroblastoma, gan- 
glioneuroma, lipofibroma, lipoma and cyst. Of these tumors 22 were malignant 
and 6 were benign. Most of the malignant tumors grew extensively and caused 
symptoms largely because of pressure on adjoining structures, notably the urinary 
and digestive tracts and large vessels. 

Diagnosis is invariably late, since it is dependent on the onset of symptoms, 
and it is well recognized that the early symptoms of retroperitoneal sarcoma are 
vague and likely to be confused with those of other anatomically related lesions. 
There is of necessity a latent period between the earliest tumor formation and the 
patient’s awareness of something amiss, and the duration of this period cannot be 
established at present. Owing to the low-grade malignancy of some of these 
growths, by the time the disease has produced symptoms, it is nearing the terminal 
stage. It is of interest to note in this connection that patients with the shortest 
delay in seeking medical aid offered the poorest prognosis and presented the largest 
and most actively growing neoplasm at the time of operation. This we find holds 
true in most other forms of malignant neoplasms. It appears therefore that the 
time interval between which the patient first notices the lesion and his first visit 
to the physician is an important factor in prognosis. 

An accurate diagnosis of retroperitoneal tumor was made in 11 cases, and in 
6 others it was suspected but not definitely diagnosed. In many instances a correct 
interpretation of the lesion was not made until a histologic examination of the 
specimen was done. 
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IRCHIVES OF SURGERY 


In only 7 of the 22 patients with malignant tumors was the growth resectable, 


an operability rate of approximately 32%. Andrews® reported an operability 
rate of 7.4%, while Donnelly '° reported 35% operability. Of the six benign 
tumors, one was found inoperable; it was a ganglioneuroma encroaching upon the 
aorta and iliac vessels 


\ tendency to recur is an outstanding characteristic of malignant retroperitoneal 


tumors even in the face of wide resection of the primary growth. In one of our 


patients the tumor recurred five times over a period of 12 years. 
Little need be said of the prognosis in cases of retroperitoneal sarcoma. If 
the condition is discovered early, long before metastasis has had a chance to occur, 


wide excision of the tumor is the treatment of choice. Intimate attachment of the 


lesion to vital structures will frequently prove hazardous to complete surgical extir- 
pation of the neoplasm. Under such conditions roentgen therapy may be of con- 
Most benign neoplasms are readily resectable unless they are 
intimately connected with vital structures. 


siderable benefit. 


SUMMARY 


Twenty-eight cases of retroperitoneal tumors are reviewed. In 22 of these the 
lesion was malignant and in 6 benign. In the total number of cases four tumors 
were lymphosarcomas, five reticulum cell sarcomas, five fibroliposarcomas, two fibro- 
sarcomas, one liposarcoma, two paragangliomas, two neuroblastomas, three peri- 
neurial fibroblastomas, one ganglioneuroma, one lipofibroma, one lipoma, and one 
Cvst. 


The diagnosis of retroperitoneal tumors is often difficult to make because of 
the close anatomic relationship of these tumors to other structures. 


Roentgen 
examination is of considerable aid in making a diagnosis. 


The clinical picture and the gross and microscopic appearances of these tumors 
are generally discussed. 
LL 
9. Andrews, C. F Primary 


Retroperitoneal Sarcoma, Surg., Gynec. & Obst. 36:480 
(April) 1923 


10. Donnelly, B. A.: Primary Retroperitoneal Tumors: A Report of 95 Cases and a Review 
of the Literature, Surg., Gynec. & Obst. 83:705 (Dec.) 1946. 
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hand ties 


When the surgeon makes 
a series of hand ties, 

D & G Spiral Wound 
Surgical Gut USP 
unreels in his hand, 

free from kinks 

with all its tensile 
strength preserved. 


The gut should be 

gently pulled out straight 
immediately after 
removal from the tube. 


Surgeons welcome a new convenience —D & G 
Spiral Wound Surgical Gut. It is wound on a 
cylindrical reel—comes ready for immediate use 
in ligation and suturing. Spiral winding preserves 
all the original strength. None is lost through kinks 
or bends. 

Nurses, too, save time with Spiral Wound Gut. No 
more unwinding from an old style flat reel and re- 
winding onto a rubber tube, glass rod or spindle. 


D & G foresees the surgeon’s needs 
D & G Spiral Wound Gut is the latest Davis & Geck 


contribution to improved suturing. “Timed-absorp 
tion” surgical gut is another—this exclusive D & G 
method embodies accurately graded degrees of 
chromicizing. The suture resists digestion most 
strongly during the first postoperative days, when 
greatest strength is needed. It is absorbed more 
rapidly when tissues have regained their natural 
streneth 
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57 Willoughby Street, Brooklyn 1, N.Y. 
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To Minimize Emotional Trauma... 
A Rapid and Bland Induction 


VINETHENE”, administered by the simple and convenient open-drop 
technic, induces anesthesia swiftly and not unpleasantly. Recovery is 
rapid and the after-effects are minimal. 
VINETHENE is a particularly suitable anesthetic: 

for inducing anesthesia prior to use of ethyl ether for maintenance... 


for short operative procedures ... 





for complementing agents such as nitrous oxide and ethylene. 


Literature on request 


VINETHENE 


(Viny! Ether for Anesthesia U.S. P. Merck) 
AN INHALATION ANESTHETIC FOR SHORT OPERATIVE PROCEDURES 
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MERCK & CO., INC. 
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The E49 ANESTHESIOR 30 wre 0 ns sacn 


with these new features: UNINTERRUPTED ANESTHESIA 
during Soda-lime replacement. 
CO, ABSORPTION ADJUSTABLE. 
NO PIPES OR METAL TUBES to 
loosen or leak. Gas lines drilled 
in cast Table. 
EXACT CONTROL WITH ALL- 
METAL FLOW VALVES replace- 
able as a unit. 
ONE-PIECE FLOWMETER PANEL, 
easily disconnects merely by 
loosening two bolts. 


The Anesthesior has been developed by 
E & J scientists and engineers to provide a 
superior facility for gas anesthesia admin- 
istration. Its operation is easier and more 
convenient, its control finer, its mainte- 
nance much simpler and its greater versa- 
tility a definite contribution to the further 
refinement of administration techniques. 


Write to E & J today for 
complete Anesthesior data 
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Glendate 1, California 
MODELS FOR 2, 3, 4 and 5 GASES 
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autoclaving. For cold sterilization we recommend Detergicide. 


s Y s ical When a human life may be at stoke 
ee four Surgica there con be no Compromise with 


Supply Dealer Quality 


BARD C. R. BARD, Inc., Summit, N. J. 
U RO L @) GIC AL Distributors for 


UNITED STATES CATHETER and INSTRUMENT CORP 


NS {T° 
THERE 1S NO SATISFACTORY SUBSTITUTE FOR QUALITY 








~ 


| nisiol 


ANESTHESIA. we 
a 
- 


and lateral) the medi 


is the most commonly 


: - FOR 
1. Beck, Alfred C.: Obstetrical Practice. Baltimore, 
Williams & Wilkins Co., 4th ed., 1947, page 903. DEPENDABLE 


2. Berlind, Melvyn: Medical Journal & Record, 135:180, 1932. LOCAL AND SPINAL ANESTHESIA 


ROwOcaiER 


FIRST BRAND OF PROCAINE HYDROCHLORIDE 


—_ e a 
DEM 
Novocain ond Demerol (brand of meperidine), trademarks reg. U. S. & Canada New Yorn 18, N.Y Winosoe Onr 





